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INTRODUCTION 
Commercial production of cottage cheese constitutes a significant 
porUon of the total fluid milk utii'ization in the U.S. Since 1955, yearly 
pe.r capita consumption of cottage .cheese has steadily increased from 1. 77 
kg (3.9 lb) to a high of 2.45 kg (5.4 lb) in 1971 and 1972 (101, 122). A 
relatively sharp in<:rease in the price of milk solids-not-fat depressed 
t_he yearly per capita consumption of cottage cheese to 2. 14 kg (4. 7 lb) in 
1974 and 1975 (121). A gradua I recovery from this depression was ex- . 
perienced in 1976 with the yearly per capita consumption increasing from 
2.10 _to2.18kg(4.8 lb), which represents 464million kg (1.02 .billion lb) 
of cheese (121). 
Consumption of cottage cheese is not geographically uniform in the U.S. 
The Northeast, North Central, and Pacific areas of the U.S. account for the 
greatest volume of creamed cottage cheese (120). The Pacific area accounts 
for the highest consumption of lowfat cottage cheese, while the Northeast 
has the highest utilization of dry cottage cheese curd (120). 
A problem of major concern in the cottage cheese industry today is poor · 
yields. In the 19501s, yield factors of 1.80 to 1.85 kg of 80% moisture curd 
per kg milk solids were commonplace (2). During the 19601s, the yield 
factor dropped to 1. 70 to 1. 75 for at ·least two reasons: 1) Larger vats 
and mechanical agitation had become wide spread, resulting in greater 
yield losses as curd fines; 2) The composition of the milk supply had 
changed, resulting in milk lower in solids (2). Of particular interest to 
cottage cheese manufacture was the decrease in the casein content of 
milk. Casein comprises 85% of the milk solids found in cottage cheese 
(64). High or low cottage cheese, yields can be directly attributed to high 
or low milk casein tevels (2, 19, 91). By the 1970's, continued emphasis 
for greater milk production had selected the Holstein breed to predominate. 
Holsteins characteristically produce milk lower in solids than do other 
dairy breeds (2). Milk today (2, 64, 134) is more I ikely to contain 2. 3% 
casein rather than the ·2. 5% listed in reference books (58, 129). 
F9rtification of low-solids milk with non-fat dry milk (NFDM.) was once 
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a common method used to improve cottage cheese yields (19, 83). However, 
the trend towards consumption of foods lower in fat and a relative change in 
the price supports of butter and NFDM resulted in an increase in the price 
of NFDM. Many manufacturers of cottage cheese determined that fortifica-
tion of skim milk was no longer economically sound and discontinued the 
practice (83). 
Today's cottage cheese manufacturers are having difficulty in obtain-
ing 1. 70 kg curd per kg milk solids (2). Thirty years ago, 36% recovery 
of milk solids was common, but today few plants can attain 33% recovery 
of milk sol ids (75). Cottage cheese manufacturers have experienced the 
predicament of increasing consumer demand in conjunction with declining 
yields and more costly non-fat mifk solids. The combination effectively 
forced an increase in the price of cottage cheese, resulting in a stagnation 
of sales increases. 
A cottage cheese manufacturing process utilizing conventional equip-
ment, but eliminating bacterial cultures entirely, has recently gained 
Federal identity (42) and commercial acceptance (5, 45). This patented 
(18) process directly acidffies milk with food grade acids. The end prod-
uct is reported to be indistinguishable from good quality cultured cottage 
cheese (4, 5, 44). Benefits attributed to the process are the elimination · 
of problems that can arise with conventional culture processes, decreased 
production time, and improved product consistency (44, 45). A most 
notable claim concerns a cottage cheese yield greater than the yield attain-
able by the conventional culture process (4, 5, 44). 
This study compared cottage cheese yields from a widely accepted_ 
culture procedure versus the direct acidification method described above. 
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LITERATURE REVIEW 
Methods of Calculating Cottage Cheese Yields 
· Several methods exist by which a cottage cheese manufacturer can 
evaluate the efficiency of skim milk conversion into cottage cheese (2, 7, 
19, 63, 64, 83, 91,101,132). Thesemethodscanbegrouped into four 
categories: 1) Kg of curd .per 100 kg milk; 2) Kg of curd per kg of solids 
in the skim mi1k; 3) Kg curd per kg casein in the skim milk; and 4) Per-
cent recovery of milk solids in cottage cheese curd. Cordes (19) empha..:.. 
sized the necessity of taking curd moisture into account if meaningful 
comparisons are to be made. Yields are generally based on curd weights 
adjusted to 80%moistureor 20%solids (2, 7, 19, 64, 91). Although it is 
not routinely used by the industry, several authors (2, 19, 64, 91) advo-
cate the use of kg curd per kg casein in the milk as a better means of ex-
pressing cottage cheese yield because yield is casein dependent. Such an 
expression of yield requires the estimation of casein content in the milk. 
Lactic acid precipitation, formol titration, and dye binding methods have 
been used as routine analyses for the estimation of casein content (2, 7, 
19, 64, 91). 
Formulas have been derived to estimate cottage cheese yields on the 
basis of skim milk composition (7, 19, 64, 83). Yield as kg 79% moisture 
curd per 100 kg milk can be estimated as 5. 5 times the casein content in 
the milk, assuming 3o. 2% recovery of milk sol ids from milk originally 
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· containing 9. 0% total solids and 2. 58% casein (19, 64). Mickelsen's study 
(83) of six commercial cottage cheese plants indicated a rather constant 
~efati_onship between kg milk protein set for cottage cheese and the kg 
pr_otein recovered in the curd. This relationship, cal led the protein yield 
ratio (PYR) , . averaged 1. 335 kg protein set per kg protein recovered as 
cottage cheese curd. The reciprocal of the PYR is actually the percent 
recovery of mi·lk protein (74. 90% recovery of milk protein in curd). In 
1957, Bender and Tuckey (7) evaluated the relationship between certain · 
skim milk constituents and yield of cottage cheese: 
where: 
y = 5.71 c 1 .45 
y = 6. 03 cf - ,. 6~ 
y = 4. 90 S - 29. 72 m 
Y = kg 80% moisture curd per 100 kg milk. 
c 1 = % casein in milk measured by lactic acid 
precipitation using lactic starter culture. 
Cf = % casein in milk measured by formal titration. 
S = % total solids in skim milk. m 
Factors Affecting Cottage Cheese Yield 
Skim milk compositican · 
Yield and factors contributing to cottage cheese yield have been dis-
cussed extensively (2; 7, 19, 31, 34, 63, 64, 78, 91,_95, 101, 102, 132). 
.s 
Two general categories exist in factors pertaining to yield: 1) Yield po-
tential of milk due to desirable or unde_sirable attributes, 2) Manufacturing 
variables with respect to new innovations and effective control of estab-
1 tshed methods. 
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Variations in the solids content of milk usually account for variations in 
cottage cheese yields (19). Casein is the milk solids constituent that con-
tributes greatest to cottage cheese yields (2, 19, 30, 78, 91) since the coagu-
lation of casein in the skim milk is the basis for cottage cheese manufacture 
(29, 30, 34, 119). Lactose, whey proteins, and minerals are largely re-
moved in the whey but contribute approximately 15% of the sol ids portion 
of the curd, whereas casein contributes approximately 85% of the curd 
solids (2, 64, 91). Emmons (29) reviewed research pertaining to addition 
· of calcium salts to skim milk used to manufacture cottage cheese. Research 
cited was conflicting and his conclusions indicated that the addition of 
calcium salts generally appear unnecessary, although it may be beneficial 
in isolated cases. 
Over the last 30 years the milk supply has changed in composition, re-
sulting in a decrease in percent SNF. In particular, this represents a de-
crease in percent casein (2, 75, 134). Fol lowing this decline .of SNF is the 
percent contribution to SNF by caseir:i. The SNF portion of milk today con-
tains 26% casein whereas 30 years ago casein represented 28. 5% of the SNF 
in milk (2, 75). Marshal I (78) stated that as the SNF content increase in 
. milk, casein comprises a larger portion of the SNF. South Dakota milk has 
been shown to contain casein at an average rate of 27. 7% of the SNF on the 
basis of 2.31% ca.sein and 8.33% SNF (134). 
_ Cordes ( 19) cited evidence indicating several factors that can cause 
fluctuation in total sol ids and protein content of milk: 1) breed of cow, 2) 
stage of lactation, 3) season of year, and 4) diseased conditions of the 
udder. High. solids milk produced by Jersey and Guernsey breeds con-
tains a relatively high percentage of protein and has been cited to be 
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·superior to Holstein milk in the manufacture of cottage cheese (19). Emmons 
(30) cited work where Jersey milk produced normal cottage chee.se curd, 
while Holstein milk produced curd that stJattered easily and failed to expel 
sufficient whey at normal cooking temperatures. Jersey milk with 10% 
Holstein milk exhibited the same defects. Low casein content in the milk 
and unknown properties of casein -found in Holstein milk were concluded 
to be the causes. 
· During the first three months of lactation, milk solids generally de-
crease, followed by a trend of increasing solids content during the final 
four ·months of lactation (l9). Seasonal effects will show total solids and 
casein reaching a maximum during colder winter months and a minimum 
during the warm spring and summer months (19, 83, 134). Commercial 
cottage cheese yields have been shown to fol low the same seasonal pattern 
(83). If the low solids and low protein contents of milk, characteristic 
of summer months, are combined with similarly depressing effects of early 
lactation, abnormally low cottage cheese yi_elds can be expected (19). 
Mastitic milk is kr:iown for its poor ·cheese making qua I ities since it has 
lowered casein conter1t, increased ~hey protein content, and a higher pH 
(19). Emmons (30) c.ited work with other types of abnormal milk. Milk 
from cows fed limited amounts of roughage was found to yield abnormal 
cottage cheese .curd. The abnormal curd was theorized to be caused by 
an unexplainable change in the casein fraction of the milk proteins. 
Other work described by Emmons (30) indicated that normal yields 
and normal curd could be produced from milk containing up to 25% colos-
trum, although the curd was less firm at cutting and the curd particles 
were irregular in size and shape. Milk containi,ng antibiotics should be 
excluded from milk intended for cottage cheese manufacture (_34, 63, 100, 
104, 118, 132). Not only will antibiotics inhibit starter bacteria, but work 
was cited (100) where a tetracycline type antibiotic interacted with the 
' milk proteins and prevented coagulation in the presence of apparently 
sufficient acidity for coagulation to occur. 
Adjustment of milk composition 
Bender and Tuckey (7) reported that efficiency of milk sol ids recovery 
in curd increased as the solids and casein contents of the milk increased. 
Milk containing 8.92% solids yielded 32.2% recovery of milk solids in the 
curd while 9. 71% solids milk yielded 38.8% recovery of milk solids. Their 
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recoveries compared favorably with cited work of Olson at Oklahoma in 
1944. These reports of improved efficiency have been the basis for the 
gen.er.al recommendation of increasing the sol ids content in skim milk used 
for- cottage cheese manufacture (3, ·19, 29, 31, 34, 78, 83, 95, 100, 104, 
118, 130, 132). Some researchers (29, 100) felt that the total solids in the 
skim milk should be adjusted to at least 9%, while Angevine (3) set 8. 8 
to 8. 9% total so1ids as minimum for cottage cheese manufacture. An upper 
limit of total solids desirable in skim milk is 11% (19, 78,100). Other re-
searchers have specified 9. 5% as the most desirable total solids in skim 
mi I k used to manufacture cottage cheese (31, 100, 118, 132) . 
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The most commonly _ recommended metbod of increasing the sol ids con-
tent of the milk is fortification with low-heat NFDM (19, 29, 30, 78, 83, 95, 
104, 118, 130). In 1956, Whitaker (130) reported that the use of NFDM in 
the manufacture of cottage cheese had been steadily increasing since World 
War II. He also listed the following reasons for fortifying cottage cheese 
milk with NFDM: 1) A firmer curd is produced which allows more agitation 
during cooking, resulting in a more uniform product; 2) Higher pasteuriza-
tion temperatures may be used since fortification counteracts the weakness 
of curd that results from heating milk; 3) Less experienced help may be 
used, since handling a weak curd requires experience; 4) Weakness of 
cu rd rea Ii zed when homogenized fat is present may be counteracted in part 
through fortification, permitting the use of some homogenized milk; 5) 
Higher yields are obtained· since a greater portion of the milk solids are 
recovered as the total solids of skim milk are increased; 6) The capacity 
10 
of a ·cheese vat is ,increased; 7) The cheese making process is shortened 
sir:-tce the firmer curd characteristic~ permit faster heating and a lower final 
cooking temperature. · Although Whitaker went on to encourage the pasteuri-
zation of skim milk. prior to fortification, other researchers (95, 104, 118) 
have since promoted pasteurization after fortification or reconstitution; 
indicating various state or local laws may require pasteurization after in- . 
corporation of NFDM. 
Cottage cheese milk can be secured entirely from the reconstit~tion of 
NFDM (1, 34, 48, 63, 93, 113, 130, 132). Solids content in the reconstitut-
ed milk may be as high as 20% and result in satisfactory cottage cheese, 
although 9 to 12% milk solids usually provides the most desirable curd 
(130, 132) . Emmons (31) reviewed the manufacture of cottage ·cheese from 
reconstituted NFDM and indicated varying degrees of success in its manu-
facture. He found that most of the problems encountered in the manufacture 
of cottage cheese from reconstituted NFDM could usually be explained by 
the heat treatment history of the milk. Heat treatments of milk are additive 
and an excessive cumulative heat treatment results in a soft and fragile 
curd under normal manufacturing practices (31). Roller dried milk and 
high-heat spray dried milk are unacceptable for cottage cheese manufacture. 
General guidelines have been offered (31, 78, 100, 130) as criteria in 
the selection of low-heat NFDM for cottage cheese manufacture: 1) The 
powder _should have less than 8% ser.um protein denaturation as indicated 
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by at least 6. 0 mg undenatured serum protein per gram of NFDM (Harland-
Ashworth test); 2) Rennet curd tension should be at least 45 g; 3) The 
powder should meet standards set by the American Dry Milk Institute 
(ADMI), which include: Less than . 15% titratable acidity; not more than 
15.0 mg scorched particles per 25 g sample; not more than 1.2 ml solubility 
index; less than 50,000 per g standard plate count; sweet flavor; free of 
off flavo_rs; natura I white color; and freedom from lumps. 
Stone, et al. (113) found that wide variations existed in the curd pro-
duced from powders that had passed the ADM I requirements. The preferred 
process used to select NFDM for cottage cheese manufacture includes pas-
sage of the requirements previously listed with final suitability determined 
by a pilot vat of cheese (31, 130). Emmons, et al. (32) has shown that 
although . 02% calci~m chloride was not beneficial, a good qua I ity cottage 
cheese could be made from excessively heated NFDM by increasing the 
amount of rennet and cutting at a lower acidity or at the acid coagulation 
· (A-C) end point. 
Two other methods of composition adjustment are possible through the 
use of low-heat evaporated skim milk (19) or ultrafi ltration of skim milk 
(13, 21, 22, 61, 62, 81, 82). Evaporated skim milk is a relatively small 
· segment of the dairy industry and probably is not r .eadi ly avai I able for 
most cottage cheese manufacturers _ (85). ·u1trafiltration, as applied to 
cheese milk, not ·only increases the solids content of milk, but it alters 
tJ-:ie ratio of the components comprising total sol ids. Both casein and whey 
proteins are concentrated through the partial removal of water and the 
dissolved constituents of relatively small molecular mass such as lactose, 
non-protein nitrogen, and milk salts (61). 
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Cottage cheese has been made from ultrafi ltrated skim milk (22) and 
from skim milk fractionated to 13% solids and 6. 4% protein (82) . . Maximally 
concentrated skim milk coagulated as a monolayered sheet, then diced, 
yielded a curd that cooked out rapidly and uniformly. The cooked curds 
compared favorably in flavor with good grade commercial cheese, but 
were soft, semitranslucent and did not readily absorb cream (22). M~ttews 
(82) ultrafiltrated skim milk to 13% solids and 6. 4% protein, then it was 
manufactured into cottage cheese curd which was not significantly different. 
from the reference curd in flavor and texture. Yield ~mprovement was 
limited by the extent of skim milk fractionation which in turn depends 
upon how much curd can be handled in a vat without matting. Although 
cottage cheese curd yields of 23% were obtained on the basis of the reten-
tate, curd yields on the basis of the original skim were not appreciably 
different from the control skim milk. 
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Heat treatment of skim milk 
- Nearly all skim milk used to manufacture cottage cheese is pasteurized 
by the high-temperature short-time method (2, 19, 29). Skim milk may 
also be pasteurized by the low-temperature long-time method (30, 34, 132). 
Minimal temperature and time is recommended for pasteurization, which 
requires at lea.~t 72 C (161 F) for 15 sec or 63 C (145 F) for 30 min for high-
temperature short-time and low-temperature long-time, respectively. 
Avoidance of excessive heat treatments of cheese milk is deeply rooted in 
the cheese industry (19, 30, SO, 100, 126, 130). Emmons (30) reviewed 
the I iterature up to 1963 and reported that inferior cottage cheese would 
result if the skim milk had greater than 6% denatured serum protein . . If 
heat treatments denatured more than 10% of the serum proteins, cottage 
cheese reportedly could not be made satisfactorily by utilizing normal 
manufacturing processes. Excessive heat treatment of milk has generally 
been associated with the production of a soft curd which is very fragile, 
is easily broken during cutting and stirring, and is difficult or impossible 
to firm during the cooking process (30, 100). The finished curd is ·of in-
ferior quality and yield losses due to shattered curd are excessive (30, 
100) . Research since 1955 has refuted the earlier theories of milk heat 
treatments in excess of minimal pasteurization to be detrimental to its cottage . 
cheese making properties (17, 19, 28, 32, 50, 57, 114, 115, 125). Emmons 
(32) was among the first to discover that modification of the manufacturing 
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procedure permitted production of good qua I ity cottage cheese from exces-
sively heated milk. Emmons noted that setting times were decreased while 
yields increased 10% over controls. · His work employed higher rates of 
rennet and cutting at lower acidities .as determined by the A-C end point. 
Other investigators of ·cottage cheese manufactured from milk subjected to 
varying degress of abnormapy high heat treatment, including ultra high 
temperature processing, generally found good curd qua I ity; increased 
starter activity, increased yields, and improved keeping qualities in the 
creamed curd (17, 28, 50, 57, 114, 115). 
Yield improvements from high-temperature processed milk are _ due to 
an increased recovery of serum protein in the curd (17, 28, 113, 115). 
Heating milk to abnormally high processing temperatures denatures serum 
proteins and causes a protein complex to form between beta-l9ctoglobulin 
and kappa-casein; this phenomenon was thoroughly reviewed by Sawyer 
(105). A minimum of 40% denaturation of serum proteins is considered 
necessary to realize increased yields (125). 
Durrant, et al. (28) found that as pasteurization temperature increased 
from 60 C (140 F) to 77 C (170 F), pH at the A-C end point increased from 
- 4. 7 to 5. 05. Yield improvement from 1. 95 to 2. 20 kg curd per kg milk solids 
was attributed to the increase of _serum protein recovered in the curd. 
Curd exhibiting improved yields contained up to 1. 5% serum protein, 
which accounted for 8 _. 4% of total curd protein. As Durrant contlnued to 
·increase pasteurization temperatures from 77 C (170 F) to 82 C (180 F), 
yield did not improve additionally, curd quality declined and the pH at 
the A-C end point, increased from 5.05 to 5.10. 
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Cordes (19) cited work that had optimized cottage cheese yields by 
fortifying the skim mflk to 10 - 11 % SNF with low-heat NFDM. The fortified 
milk was pasteurized at 69 C (170 F) for 30 min before setting with . 068% 
calcium chloride. Yields by this process were greater than 2. 0 kg curd 
(79% moisture) per kg milk solids. 
Starter cultures 
Starter cultures have been shown to affect the yield of cottage ·cheese 
(2, 14, 19). Collins (14) reported pairs of single strain lactic cultures to 
produce 1. 3% more cottage cheese than mixed strain controls. The yield 
increase was speculated to be due to a more rapid and/or a more uniform 
coagulation, or the cheese curd may shatter less in the absence of small · 
amounts of carbon dioxide normally produced by mixed strain cultures 
containing Leuconostoc bacteria. Cordes (19) indicated commercial con-
firmation of the experimental differences reported by Collins (14). Varia-
tions in cottage cheese yields due to culture strains are no longer common 
since commercial culture manufacturers can now supply many different 
cultures designed specifically for cottage cheese manufacture (2). Gener-
ally, a more desirable curd and yield :will be obtained from the use of a 
culture comprised of-two or more strains of acid-producing bacteria (2). 
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Faster acid-producing strains of lactic streptococci wi 11 have less sediment 
formation due to agglutination, less mealiness, and less curd losses due 
to curd shattering . (33). The seriousness of the agglutination defects 
increases with increasing chain lengths of the streptococcus culture (33). 
Variatio'ns in firmness of coagula at identical acidities can be attribut-
ed to differences among mix~d strain starter cultures (19, 36, 51). Lactic 
cultures have been shown to be proteolytic (23, 124). Lactic streptococci 
cultures have since been shown to contribute a desirable amount of protea~ 
lytic activity that will affect moisture content, body and texture, and firm-
ness of_ cottage cheese curd (41, 123). · 
Cottage cheese yields have been improved by using a bulk starter made 
from homogenized whole milk (49). Percent butterfat recovered in the curd 
varied from 63.8 to 89.9% for skim and whole milk starters, respectively. 
However, the difference in yield was not considered sufficient to justify the 
addition of butterfat to either bulk starter or cheese milk. 
The time of inoculating the skim milk with bulk starter has been report-
ed to affect yield of cottage cheese curd (2). Bulk starter should be added 
to the commercial size vat after approximately 750 to 1500 liters (200 to 
400 gal) of skim milk at setting temperature has been pumped into the vat. 
Bulk starter should not enter the vat prior to the skim milk since the highly 
acidic bulk starter will cause some precipitation of casein in the first 
portion of the skim milk which follows, thereby preventing a closely 
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knit coagulation of the initial skim milk. A weaker curd may result which 
will shatter more readily than if the bulk starter had been ~dded after com-
mencement of vat fi 11 i ng . 
. Fluctuations in curd quality and· yield can occur if the bulk starter is 
not well dispe-rsed into the skim milk (29). Coagulated protein from the 
bulk starter is difficult to disperse and will tend to settle to the bottom of 
the vat, carrying with it a proportionally large number of bacteria. A 
faster rate of acid development and stringy curd may result at the bottom 
of the vat. Waiting 60 to 90 min after inoculation to add the coagulator will 
allow a- final thorough stirring that should reduce the severity of defects 
attributed to settling of bulk starter protein. 
Two manufacturing techniques not known to affect yields include ra~e 
of skim milk inoculation with bulk starter (86), and the presence or ab-
sence of rennet (7). Various rates of inoculation of skim milk from 5% to 
20% produced no significant differences in yield or curd losses in the whey, . 
although setting times were reduced substantially (86). Skim milk can · 
be manufactured into cottage cheese with or without the presence of rennet 
(30, 48, 132). Bender and Tuckey showed no significant difference be-
tween yields of large curd cottage cheese made by the long-set method with 
or without rennet (7). Rennet is usuaily added to cottage cheese milk in 
small amounts (1 ml/454 kg). Since the resulting coagulum is firmer at 
cutting, the resulting curds do not break up or mat as readily during 
cooking; which makes the curd easier to handle (30) .. Excessive rennet 
results in too firm a curd at cutting that wilf become very difficult to firm 
in later stages of cooking (29). 
Addity at cutting 
Maxi um cottage cheese yields are obtained by cutting the skim milk 
coagulum at the isoelectric point of casein (2, 119). lsoelectric point is 
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the pH where casein is least soluble and will undergo maximum precipita-
tion (119). A pH of 4. 6 to 4. 7 is the isoelectric point of milk which has not · 
been subjected to abnormal pasteurization temperatures (2, 29, 63, 126, 
129, 132). · Tuckey (118) stated that the proper cutting pH may be as high 
as 4. 8 or as low as 4. 65, . depending upon-curd size, vat size, and extent 
of heating. Proper pH at cutting wi II generally increase with increasing 
heat treatment of milk, as described earlier (28). 
As the cutting acidity deviates-· from optimum, resulting curd character-
istics are altered (29, 30, 118, 119). Insufficient acid development at cut-
ting will be evident from cohesive, tough, and rubbery curd properties. 
Such curd wi II tend to mat excessively during cooking and may appear 
lumpy or tough and rubbery. Desired curd firmness wi 11 appear at a lower 
than normal final cooking temperature. As quantities of acid develop in 
excess of optimum, casein begins to regain solubility. Curd particles at 
excessive cutting acidity tend to lose their cohesive properties and repel 
each other, resu I ting i·n a defect called shattered curg. A high-acid curd 
will be difficult to cook out since curds no longer readily expel whey. 
Such a condition results in a soft, mushy curd when utilizing typical 
cooking temperatures. 
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Emmons, et. al. (33) stressed the importance of achieving a final cook-
ing temperature between 54 C (130 F) and 60 C (140 F) to insure destruc-
tion of spoilage organisms. A cooking temperature of at least 54 C (130 F) 
for at least 18 m·in is necessary to achieve a satisfactory reduction in num-
bers of heat resistant strains of Ps. fragi, E. coli, S. cremoris, and 
S. lactis (15). Emmons, et.al. (33) reported that cutting pH will influence 
firmnes.s of the finished curd to a greater degree than does cooking tempera-
ture. Therefore, if the _curd is consistently too firm at the desirable cook-
ing temperatures, cutting pH should be lowered slightly. Conversely, if 
curd is consistently softer than desired after cooking to the above tempera-
tures, the cutting pH should be raised slightly. Emmons and associates · 
(33) also indicated that a pH of 4.8 at cutting was optimum in their studies, . 
but conceded that optimum cutting pH can be variable from plant to plant. 
Temperature control in setting cheese milk is important in securing 
maximum cottage cheese yields and quality (33). Temperature variations 
· insetting the milk will be due to surface cooling where covers are not 
used and leaking steam or cold water valves. Various rates of bacterial 
growth and acid development can be expected in a vat of milk having tem-
perature gradients. -Al I portions of the vat cannot reach optimum cutting 
acidity simultaneously unless the temperature is uniform throughout the 
milk. If temperature gradients exist in the milk during setting, a portion 
of the coagulum wil'I not be at its optimum cutting pH when the rest of 
the _coagulum is cut. 
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Methods used to ascertain the time to cut a coagulum includes subjective 
and quantitative techniques. Less accurate subjective techniqu·es include 
"cutting-by-the-clock" and the split method (30, 95, 101). An accurate, 
yet simple subjective determination, is the A-C~test (29, 30, 34, 48, 95, 
101, 132). Quantitative methods to measure acid development include 
titratable acidity (TA) and pH (2, 29, 30, 34, 48, 63, 95, 101, 104,· 132) . 
Quantitative techniques o.f acidity measurement are generally the most de-
sirable criteria for determining when to cut the coagulum (30, 95, 101). 
The use of setting time or "by-the-clock" is considered the least desi r-
able method of determining the tim-e to cut the coagulum (30, 95, 101). The 
patience of the cheese maker has no provision for rate of acid development 
due to variabi I ity in starter activity from day to day, especially in the 
presence of inhibitors such as bacteriophage or antibiotics. Defects com-
mon to high or low acid curd are likely to result from the use of this method 
·in determining the cutting point. 
The split method is superior to setting time in determining time to cut a 
coagulum (30, 95, 101). The split method is also subjective since it con-
sists of drawing a 1.3 cm (¼ in) cylindrical object through the coagulum. 
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If the coagulum breaks cleanly and firmly without shattering, it is consider-
ed ready to cut (101) .' This method can be accurate only if rennet or coagu-
· 1ator ~as not been used in the coagulum· (30, 95). If the split test is applied 
to a coagulum containing coagulator or rennet, defects associated with in~ 
sufficient acid development wi 11 resu It (95). 
The TA test is probably the most commonly used method to measure 
acidity development (29, 101). The TA test uses phenolphthalein as in-
dicator and acidic substances in the whey are titrated to a pink end point 
with . 1 N sodium hydroxide (90). The titration expresses any titratable 
substance as% lactic acid. It is important that the sample for this test 
be taken from below the surface of the coagulum since surface whey fs 
less acidic than the rest of the coagulum. The sample should be taken from 
several locations to insure that it is truly representative. Clear whey_ for 
titration can be obtained from a filtrate or supernate of the vat sample. 
The pH can be measured with either a glass electrode or the quin-
hydrone electrode, provided the instrument is accurately standardized . 
against fresh buffer of known pH (95). The sample used for pH measure-
ment shou Id be drawn from 10 to 15 cm (4 to 6 in) below the surface of the 
coagulum (95). 
The A-C test was developed to provide a simple method for determining 
the time to cut the curd regardless of variations in observed titratable 
acidity (30, 95). The test measures the stage of gel formation in acid 
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coagulated skim milk at which the gel will first.shrink and expel whey when 
cut with ·a knife. The .A-C test requires that a well-mixed portion of inocu-
.. lated skim milk be removed from the vat. prior to the addition of coagulator 
or ·rennet. The sample must then be held at exactly the same temperature 
. as the cheese milk to assure identical acid development rates. The end 
point occurs when Jjnes of whey are first visible in cuts made in the coagu-
lum with a spatula . 
It has been widely shown that TA is only an estimator of true acidity or 
pH (16, 48, 63, 95,101,131,132). Changes in milkcompositionand _the 
type of starter culture used will cause the TA of wheys to be subject to 
wide variation at a constant pH. Hales (4.8) reported that at pH 4. 6 the TA 
may range from . 42 to . 59%, increasing . 09 to . 10% for each 1 % increase in 
the total solids content of the fluid skim milk obtained from several breeds 
of cows. Similar results have also shown the TA to range from .43 to 
. 57% at pH 4. 6 (30). Seasonal changes in the composition of the milk sup-
ply have produced whey containing . 46 to . 48% TA in June and . 52 to . 54% 
TA in November, all of which occurred at pH 4. 6 (16) . 
. Variability in the TA of whey observed at pH 4. 6 can also be attributed 
to the starter culture (34, 95). The presence of ~arbon dioxide and acetic 
acid or other weak acids resulting from fermentation will account for TA 
differences among cultures at identical pH. Carbon dioxide will contribute 
to TA, but not to pH of cottage cheese whey since carbon dioxide is largely 
undissociated at pH 5.0 and below. Floating curd due to entrapment of 
carbon dioxide is com,mon in whey containing an abnormally high TA but 
.. normal pH. 
- Comparisons of pH and TA occurring at the A-C end point have been 
reported (48, 95). Ski.m milk ranging in total solids from 8.7 to 10.5% 
reached the A-C er)d point at pH 4. 60 . 01, whereas the TA ranged from 
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. 50 to . 62%. In skim milk containing 12. 4 and 14. 3% total sol ids, the A-C 
end point occurred at pH 4. 56 and 4. 55 respectively, while the TA in-
creased to . 74 and . 86% respectively. The A-C end point can be expe_cted 
to occur at approximately pH 4. 6 in skim milk of normal total solids, pro-
vided excessively heated milk is excluded. 
As heat treatments become more severe, acid development necessary to 
reach the A-C end point is reduced (48). Thirty minute pasteurization 
temperatures at 63, 68, 74, and 79 C (145, 155, 165, and 175 F) produced 
milk that reached the A-C end point at pH 4.61, 4.63, 4.68, and 4.93 re-
spectively, whereas the corresponding TA's were . 50, . 49, . 47 and . 33%. 
ln the instance of excessively heated milk, TA and pH can provide mislead-
ing results since cutting the coagulum at normal acidity wi II result in a 
curd exhibiting defects associated with excessive acidity at cutting. 
The A-C test would be the most desirable test to determine the time to 
cut a coagulum derived from milk of unknown heat treatment history or a 
coagu I urn obtained from mi I k purposely heated to denature serum proteins 
(30). The A-C test is preferred by Emmons (29) since it is simple to 
perform· and when cor.rectly performed·, wi 11 yield resu Its as good as pH 
. ·measurements. 
Miscellaneous ·manufacturing variables 
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Carelessness in the cutting process wi 11 resu It in decreased curd yields 
and quality due to-excessive curd breakage (2, 19, 34, 132). Knives must 
be in good condition with no missing wires. Two men should cut the coagu-
lum, using enough knife speed to insure all portions of the coagulum are 
cut. Excessive speed or excessive overlap of cuts wi 11 increase the amount 
of shattered curd. 
Yields lost during the cooking process are caused by abusive treatment 
of the curd (2, 19, 34, 132). Common mistakes in curd handling include: 
1) starting mechanical agitators immediately after cutting, 2) excessive 
agitation during early stages of cooking, and 3) failure to stir the corners 
of the vat. Careful manual stirring of the curds should be maintained 
until 38 C (100 F), which can be followed by mechanical agitation during 
the remainder of the cooking operation. 
· Yield may also be lost while washing the cooked curd, but to a lesser 
extent than losses during cooking (19). Rough hand I ing of the curd wi 11 
increase quantities of shattered curd or curd fines which are partially re-
moved with each wash. Three washes remove more curd fines than two 
washes, and therefore, attribute to a slightly lower yield. 
Large curd cottage cheese will attain a higher yield than small curd 
cottage cheese (19) . . Two plants manufacturing both sizes of curd found 
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. large curd to yield . 08 and .12 kg, respectively more cheese per kg milk 
sol ids than sma 11 curd cheese. Another plant was reported to have ob-
tained yields of 1. 79 and 2. 15 kg per kg milk solids for small and large 
curd respectively ... 
Absolute cottage cheese yields wi II fluctuate if the curd is not consistent-
ly cooked to the same moisture content (19). Efficient cottage cheese plants 
strive for a final moisture content of 79 to 80% since the curd may not !egally 
contain more than 80% moisture. A plant will sacrifice yield as curd mois-
ture declines below 79%. 
Yield calculations can only be as accu·rate as the weights used in the 
yield calculations (19). Milk and curd weights are best determined direct-
ly, although careful calibration will permit acceptable volumetric measure-
ments. ·Curd weight may be obtained by subtracting the known weight of 
creaming mixture from the net weight of finished product. This method is 
subject to considerable errordue to miscounts, overweight or underweight · 
cups, spillage, and losses in packaging. A constant overweight of 11 g 
(.4oz) in 340g (12 oz) cups can reduce calculated yield by .05 kg curd 
per kg milk solids. 
Cottage Cheese Manufacturing _Processes 
Conventional culture processes 
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Cottage cheese manufacture traditio_nally involves setting pasteurized 
skim milk with a lactic acid-producing streptococci culture, with or without 
the aid of rennin (29, 34, 48, 63, 100, 132). The cultured skim milk is cut 
into cubes of desir:~d size at coagulation. For small curd, . 64 cm (¼ in) 
cubes are generally used. The curds are cooked to desired firmness 
in 60 to 120 min, before cooling with two or three washes. The washed 
curds are drained before packaging with or without added salt or creaming 
mixture. 
Three conventional methods of cottag~ cheese manufacture exist: -1) 
short set, 2) intermediate set, and 3) long set (34, 48, 63, 104, 132). Dif-
ferences between the three methods pertain to the I ength of ti me required 
from setting to cutting. The lengt-h of setting time required is controlled 
through combinations of setting temperature and inoculation r~te of bulk 
starter into the cottage cheese milk. The short set method employs a 5 to 
6% inoculum and a setting temperature of 32 C (90 F) to provide a cutting 
acidity in 4 to 5 h. The long set method wi 11 develop sufficient acidity 
for cutting in 14 to 16 h, using a. 5 to 1% inoculation of bulk starter and 
a setting temperature of 22 C (72 F). The intermediate set uses skim milk 
plus 3% starter and a setting temperature of 27 C (80 F) to achieve a desir-
able coagulum in approximately 8 h. 
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Any of the three methods described above c;:an be used successfully to 
manufacture cottage c,heese ( 48, 104) . · The long set process can be advan-
. tageously used as an overnight set that _permits cutting at the start of the 
next work day; The short set method is acclaimed to have the fol lowing 
advantages: 1) all phases of manufacture can be accomplished within ap-
proximately 8 h, 2). maximum control can be exercised over setting tem-
perature, 3) curd development can be closely monitored, 4) cutting acidity 
is optimumly controlled, 5) cooking time is reduced by approximately 1 h 
compared to the long set method since less rise in temperature is nec~ssary. 
The intermediate set compromises the advantages of both the long set and 
short set methods. 
Nonconventional culture processes 
Efforts have been made to reduce the setting times required in cottage 
cheese manufacture (8, 12, 73, 79-, 80, 111). Peptides contained in pan-
creatic extract wi 11 accelerate acid production by lactic acid bacteria in 
setting cottage cheese milk (111). The addition of . 2% pancreas extract 
reduced setting time by 2 h in one stu_dy (73) while concentrations of the 
extract ranging from . 015 to 1. 0% reduced setting times 17 to 41 % in another 
study (111). Cooking time was also reduced 12 to 92% concurrent with 
reductions in setting time. 
Preacidification of skim milk with food grade acids and development of 
the final acidity with lactic cultures has produced satisfactory curd in less 
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time (8, 12, 73, 79, 80). Acidification of water used to reconstitute NFDM 
in conjunction with 10% bulk starter re.duced setting time by 50% and pro-
.. duced satisfactory curd (73). Acidification of skim milk prior to conven-
tiohal culturing also reduced setting time by 25 to 50% (8, 68). The amount 
of reduction in setting time is dependent upon the degree of preacidification. 
A preacid ification to pH 5. 0 produced curd that shattered during cutting 
(8). Satisfactory curd results only if preacidification is to no lower than 
pH 5. 4 (68). 
Low-ac_id, noncoagulated bulk starter has been shown to reduce setting 
time by 35% (79). Preacidification of the skim milk followed by inoculation 
with a low-acid, noncoagulated bulk start-er can reduce setting time up to 
52%, depending upon the choice of acid used (12, 79). Preacidification of 
skim milk with a mixture of lactic and phosphoric acids prior to setting with 
a low-acid, noncoagulated starter :-culture was found to reduce setting time 
by 42% (80). Yield and quality were comparable to controls manufactured 
conventionally with a high-acid, coagulated starter. 
Setting times can also be reduced up to 2 h by preculturing skim milk 
before cottage cheese manufacture (41, 63). Inoculated skim milk is allowed 
to ferment in storage silos to a pH range of 5. 5 to 5. 7. The precultured 
milk is subsequently pumped into cottage cheese vats and allowed to set 
until desired acidity develops. 
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Preculturing of skim milk can be taken one step further to continuous 
fermentation (41, 63, 88). Fresh skim milk is continuously pumped into 
~he silo in conjunction with agitation of the silo milk. As the fresh milk 
enters the silo, . fermenting milk is pumped into vats for setting. Fresh 
milk is added to the silo and fermenting milk is removed at rates that main-
tain a pH of not les:. than 5. 7. Care must be taken to maintain a constant 
pH in order to allow .sufficient time to fill and set the vats before coagulation 
begins. Continuous fermentation of skim milk has also been successfully 
applied to another acid curd called quarg (69). 
Reduced cooking time and improved yields are possible through acidifi-
cation of the whey to pH 4.3 to 4.4 immediately after cutting (54). Dilute 
(1 + 3) phosphoric or citric acid is gently stirred into the whey. After · 
a 5 to 15 min holding period, the cooking process begins and can proceed 
at a faster rate than conventionally possible. The process results in a 
curd at a higher pH than the whey, which derives benefits common to 
both low and high acid curd. 
Hydrolyzed lactose milk has been reported to improve yields and reduce 
manufacturing times in cottage cheese manufacture (47, 56, 116). Lactase 
enzyme was added to milk and was al lowed sufficient time to hydrolyze 90 
to 95% of the lactose into glucose and galactose. Control milk required ap-
proximately 6 h of setting time whereas lactose hydrolyzed milk reached 
proper cutting acidity in approximately 4 h. Yield improvement's of 5 to 
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12% were due to a firmer coagulation that shat~ered less than controls dur-
ing cutting and cooki,ng. However, hydrolyzed lactose skim milk was not 
considered practical for improving cot~age cheese yields. 
Direct acidification 
Direct chemical acidification of dairy products as a substitute for bac-
terial acid productjon has stimulated research for many years (41). Nearly 
all cultured dairy products have been manufactured by direct acidification, 
although some products have been more amenable than others. The most 
successful applications have been in cottage cheese and other produc~s re-
quiring little or no curing. 
Several direct acidification procedures were reported to manufacture 
satisfactory cottage cheese (4, 5, 9, 18, 24, 37, 38, 39, 41, 44, 71, 72, 
125, 127, 128). However, most of the direct acidification processes have 
not been commercially accepted due to high costs, excessive time require-
ments, or the extensive modifications needed in equipment and facilities 
(41,80). 
In 1966 Little (71, 72) described a. process in which edible acids and 
substantial quantities of enzymes were added to skim milk at refrigeration 
temperatures. The milk was set, coagulated, and cut at refrigeration 
temperatures. Cooking and further processing continued in the same 
fashion as the conventional culture method. The finished curd was declared 
indistinguishable from cottage cheese manufactured by the culture method. 
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Research in the early 1960's discovered th.at direct acidification of 4 C 
(39 F) skim milk to pH 4. 6 could occur without coagulation. This discovery 
provides the basis for batch and continuous manufacture of cottage cheese 
(9, 37, 38, 39·, 76, 127, -128). Later research indicated that in the presence 
of sufficient calcium, 4 C (39 F) milk will not coagulate at pH 4.6 (43). 
As the temperatur~ of the acidified milk is raised, coagulation begins. This 
process, as a pp I ied to batch cottage cheese manufacture, is I im ited to 
sma 11 laboratory vats since no efficient method exists to warm a vat of com-
mercial size without stirring. A continuous process was developed iri 
which the 4 C (39 F) acidified milk was pumped through a series of tubes 
jacketed by 88 C (190 F) water. As heat penetrated the tubes, the acidified 
milk began to coagulate. As the coagulum emerged from the curd former 
at 38 C (100 F), a rotating knife cut the coagulum into cubes. Continuous 
' . 
cooking and washing fol lowed cutting. Cottage cheese made by the cont in-
uous direct acidification process has had limited commercial acceptance 
(9, 72). A consumer survey (9) showed no significant differences in 
preferences between cottage cheese made by the conventional culture 
method and that manufactured by the continuous direct acidification pro-
cess. Cottage cheese manufactured by the vat method, following direct 
acidification at 4 C (39 F), has produced curd significantly inferior to 
culture controls (41, 59). Preculturing the milk prior to cooling to 4 C 
(39 F) and subsequent acidification to pH 4. 6 significantly improved the 
body, texture, and moisture-holding capacity <?f the direct acid curd (41, 
59). The proteolytic ~ctivity of the lactic streptococci was believed to 
.. have contributed to the improved curd ~haracteristics. Rennet was used 
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in the culture controls but was excluded from the direct acid trials. Rennet 
had been shown to improve the body and texture of directly acidified curd 
in earlier work (76).. 
Another direct acidification technique applicable to cottage cheese in-
volves the use of compounds that slowly hydrolyze to an acid when mixed 
with milk (24, 41). Various acid anhydrides, esters, lactones, and lac-
tides were investigated to determine their suitability to replace lactic cul-
tures (24). D-glucono-delta-lactone and meso-lactide produced good qual-
ity cottage cheese, although meso-lactide required the presence of . 02% 
calcium chloride in order to produce a curd that would expel whey at a 
reasonable rate. Industry acceptance of this type of direct acidification has 
been limited by the high cost of the acidogens and the time required for 
hydrolysis (41). 
A patented (18, 44) direct acidification process for the manufacture of 
cottage cheese has attained industrial acceptance (5, 45). The technique 
is marketed nationally by Vitex/American, Inc. (44, 45) and has been 
granted a Federal standard of identity (42). The technique involves partial 
acidification of minimally pasteurized skim milk to a pH of approximately 
5.1 with a mixture of phosphoric and lactic acids. This acidified milk 
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can be warmed to a setting temperature of 32 C (90 F) without coagulation. 
At the setting temperature, appropriate quantities of coagulator and D-
glucono-delta-lactone are thoroughly mixed into the acidified milk. After 
approximately .1 h of lactone hydrolysis, a coagulum is formed since the 
pH in the milk wi 11 decrease to approximately 4. 7. After cutting, sufficient 
acid mixture ( 18) ! ? added to the whey to reduce the whey pH into the 
4. 4 to 4. 5 range. Cooking and washing proceed in a normal manner for 
cottage cheese made by the culture process. 
A consumer survey of 500 families found the finished product of the 
Vitex/ American direct acid process to be at least as acceptable as conven-
tional cottage cheese made with bacterial culture (4). The Vitex/ American 
direct acid technique claims numerous procedural and economic benefits 
(44). Yields of 17 to 18% are claimed possible using milk standardized to 
9% sol ids. These yields are about two percentage points higher than the · 
conventional culture methods. These increased yields have not been sub-
stantiated in a scientific study. 
Direct acidification techniques have been applied to other dairy products 
which have been traditionally manufactured by culture processes. Directly 
acidified sour cream and dips have attained I imited commercial acceptance 
(25, 70, 72). Acceptable Cheddar and Blue cheeses could be made by 
direct acidification as long as a minimal amount of starter culture was add-
ed to the milk, otherwise the cheese did not display the characteristics 
of Cheddar or Blue (10, 27,_ 77, 107, 108, 109). 
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Mozzarella and pizza cheeses have been st,Jccessful ly manufactured by 
direct acidification ~ethods without residual starter culture (11, 40, 60, 65, 
66, 67, 84, 96, 97, 106). Direct acidif.ication in the manufacture of Mozzar-
ella cheese permits a substantial reduction in the use of milk clotting 
enzymes (84). Manufacturing times are greatly reduced in the manufac-
ture of pizza chee?.e using direct acidification, but losses of milk solids 
may exceed losses from conventional methods (97). Substantial yield in-
creases are possible when Mozzarella cheese is manufactured from ultra-
high-temperature processed milk, in conjunction with direct acidific~tion 
(106). 
A yogurt-like product can also be manufactured by direct acidification 
(46). A powder mixture of NFDM, modified starch, glucono-delta-lactone, 
and citric acid will produce a gel similar to yogurt when incorporated into 
milk at cold temperatures. 
Dried cottage cheese whey has been used as protein fortification in soft 
drinks (55). Fluid cottage cheese whey has shown promise as a base fqr 
fruit flavored drinks (26, 89). Whey . resulting from direct acid cottage 
cheese manufacture was declared to be more suitable as a fruit drink base 
since the "whey-taint" flavor of cultured whey would be absent (26). How-
ever, it is doubtful that high quality cultured whey will have a "whey-
taint" flavor. 
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Meehan i zati on of Cottage Cheese .Manufacture 
l'mp-rovement of t~e efficiency of cottage cheese manufacture has al so 
involved mechanization of the tradition9 1 manufacturing techniques. An 
enclosed and mechanized processing system has been introduced and ha.s 
achieved commercial acceptance (52, 53). An enclosed system can produce 
an extended shelf .Life of cottage cheese since microbial contamination is 
minimized. The process utilizes steam injection cooking and total mechani-
zation of curd washing, draining, creaming, and packaging. The entire 
system can be utilized or individual modules can be adapted to the re.spec-
tive phase of conventional manufacturing techniques. In addition to ex-
tended shelf life, the following benefits are attributed to the enclosed and 
mechanized process: 1) total production time is reduced, 2) finished curd 
is more uniform than conventionally produced curd, 3) less water is used 
in washing and cooling, 4) yields are improved since shattered curd is 
retained with the curd. 
Quantitative techniques have been developed to ascertain when to ter-
minate the cooking process during cottage cheese manufacture (35, 74). 
The Hood Curd Meter described by Lundstedt f74) has had industrial ap-
plication. With proper operation and interpretation of the Hood Curd 
Meter, excel lent precision among vats can be rea Ii zed in the finished 
product. Both tests measure the curd firmness on the basis of a constant 
sample weight. However, the test described l;)y Emmons (35) could not 
accurately predict curd moisture. 
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Further efforts to improve the unifo_rmity of cottage cheese have resulted 
in development of an automatic temperature programmed cooking device 
(99). Using 10. 25% solids skim milk and a cutting TA of . 60 to . 62%, auto-
matic temperature _programmed cooking produced a yield and curd qua I ity 
comparable to conventionally cooked curd, but in considerably less time. 
Rate of cooking is dependent upon the type of curd, size of curd, tempera-
ture of set, source of milk, percent solids in milk, size of vat, growttl 
of culture, acidity at cutting, and firmness desired in the the curd. Stan-
dardization of the cooking process has the potential to save labor and im-
prove product uniformity. However, this potential has not been reached 
at this time. 
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MATERIALS AND METHODS 
. . 
Two methods of cottage cheese manufacture were compared using three 
. · types of skim milk; each type was rep I icated nine times by each method. 
Manufacturing· methods consisted of the conventional sho·rt-set procedure 
(132) and a commercially marketed direct acidification process 1 
Fresh skim milk, fortified skim milk, and reconstituted non-fat dry 
milk
2 
(NFDM) were used to manufacture cottage cheese three days of each 
week, utilizing one type of milk each day to compare the two manuf~cturing 
processes .. This manufacturing scheme was repeated for a total of nine 
weeks. Milk processing followed the arrangement show in Fig.1. Twice 
each week, 351 kg (774 lb) of fresh raw skim milk was purchased from a 
local dairy3 . One batch of skim milk was fortified with NFDM to increase 
the solids-not-fat content by approximately . 5%, while the other batch was 
not fortified. A powder funnel and centrifugal pump arrangement served 
to introduce NFDM into the skim milk when fortification was desired. The 
third batch of milk each week, reconstituted NFDM, was prepared by com-
bining 35 kg (77 lb) NFDM with 316 kg (696 lb) water via the powder funnel 
1 U.S. patent 3,620, 768, marketed by Vitex/ American, Inc., a subsid-
iary of Diamond Shamrock Corp., 10616 Trenton Ave., St. Louis, Missouri, 
63132. 
2Morning Glory Grade A low-heat NFDM, Consolidated Badger Coopera-
tive, Shawano, Wisconsin, 54166. 
38-K Dairy, 422 Fourth St., Brookings, South Dakota, 57006. 
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Fig . 1. Flow diagram of cottage cheese milk processing. 
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and pump arrangement. With all types of milk, pasteurization was accom-
plished by the vat method: 63 C (145 F) for 30 min, promptly followed by 
plate cooling to 3 - 4 C (37 - 39 F). All milks were stored overnight at 2 -
3 C (3.5 - 37 F) in sanitized 37.8 liter (iO gal) milk cans. 
Fresh, active lactic acid producing streptococci cultures, used to inocu-
late the bulk starter milk, were propagated from a commercial 4 lyophilized 
.. 
culture. Growth was initiated by inoculating a portion of the lyophilized 
culture into 100 ml (3.4 oz) of 21 C (70 F) skim milk which had been previ-
ously steam heated at 86 C (187 F ) for 45 min. Incubation of 12 to 1.4 h at 
21 C (70 F) provided desirable acidity development of . 70 to . 85%. Trans-
fers (1%) were made daily into 4 C (39 F) skim milk (steam heat-treated) 
upon completion of the 12 to 14 h incubation. The transferred cultures 
were held at 4 C (39 F) until incubated at 21 C (70 F) for 12 to 14 h prior 
to the time of desired use. Prior to overnight storage, 8.2 kg (18 lb) 
of each respective milk were: 1) weighed from a milk can into a pair of 
five liter (5.3 qt) stainless steel beakers, 2) heat treated in a steam ca~i-
net at 86 C (187 F) for 45 min, 3) cooled to 21 C (70 F), 4) inoculated 
with 1% active mixed strain starter culture, and 5) incubated 12 - 14 h 
at 21 C (70 F), which produced a titratable acidity in the . 70 to . 85% range 
or the pH range of 4.40 to 4. 55. This high-acid, coagulated milk was 
4Marschall Division of Miles Laboratories, 14 Proudfit St., Madison, 
Wisconsin, 53701. 
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used fresh as a 5.2% bulk starter in the culture process for cottage cheese 
manufacture. 
Two water-jacketed, 208 liter (55 gal), stainless steel vats were used 
to manufacture cottage cheese curd. Each batch of milk was divided be-
tween the two vats, with 156.8 kg (345 lb) in each. The culture method · 
was utilized in one vat and the direct acidification process in the other vat. 
Alternating the type of milk used on a given day and the manufacturing 
process used in each vat avoided errors favoring any single treatment due 
to fatigue or characteristics of an individual vat. The coagulum was cut 
with . 64 cm (¼ in) stainless steel knives. A Leeds-Northrup pH meter was 
used to measure pH as a criteria for cuttiAg the coagulum. A stainless 
steel paddle facilitated manual stirring. Vat heating consisted of introduc-: 
ing water and steam into the water jacket of the vat. A stainless steel sieve 
al lowed vat drainage with retention of the curd. Wash waters were acidified 
to pH 5 with the Vitex 750 Starting Acid 5 and chlorinated to ten ppm in a 
mixing vat, then plate cooled to 3 - 4 C (37 - 39 F). Drained curd was 
placed into a tared stainless steel milk can, weighed to the nearest . 1 kg 
(¼ I b), then stored overnight at 2 - 3 C (35 - 37 F) before creaming. 
Culture process 
Cottage cheese manufacture began by dividing the cold, pasteurized 
cheese milk between two sanitized vats. The culture vat contained 148.6 kg 
5 A combination o.f phosphoric acid, lactic acid, diacetyl, and flavorings. 
(327 lb) cheese milk, which totaled 156.8 kg (345 lb) after 8.2 kg (18 lb) 
bulk starter was added. Bulk starter was thoroughly stirred into the vat 
after the cheese milk had been warmed to 33 C (92 F). One h later, 7 ml 
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(. 24 oz) coagulator 
6
, di luted with 1. 06 I iter {36 oz) water, was thoroughly 
stirred into the inoculated milk . The vat was then covered and allowed to 
set quiescently until the cutting point, approximately 3 h later. Cutting 
point of the culture. process was determined by pH measurements of samples 
taken 10 to 15 cm (4 - 6 in) below the surface of the coagulum. Fresh skim 
milk cheese was cut at a pH of 4. 65, while fortified skim milk and reconsti-
tuted NFDM were cut at pH 4. 70 and 4. 80, respectively. Cutting of the 
·coagulum began with a length-wise cut of the horizontal knife, followed by 
length-wise cuts of the vertical knife, and finishing with cross cuts of the , 
vertical knife. The curd was al lowed to sit undisturbed for 15 min before 
heat was applied to the vat jacket. Cooking progressed approximately 4 C 
(7 F) degrees each 15 min for the first half hour and approximately 6 C 
(11 F) degrees each 15 min for the second half hour. End point of cooking 
was determined by firmness of the curds after cooling several in 10 C (SO F) 
water. Curds were held in the hot whey for 20 min before partially drain-
ing the whey to the level of curd exposure. Stirring ceased five min prior 
to whey drainage to allow settling of curd fines. Three cold, acidified, 
6Angevine's Cott~ge Cheese Coagulator, Angevine-Funke, Inc., 3380 
Tree Court Blvd., St. Louis, Missouri, 63122. 
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chlorinated washes followed, allowing at least 15 min settling time before 
curds were drained. After removing the la_st wash, the curd was ditched 
and allowed to drain 30 min before it was thoroughly mixed, sampled, and 
weighed. 
Direct acid process 
The direct acid cheese milk (2 - 3 C, 35 - 37 F) was acidified to approxi-
mately pH 5. 1 in the milk cans via slow addition of cold Vitex 750 Starting 
Acid (di luted with water, 1 + 3 ) in conj unction with vigorous hand stirring. 
Prior to the acidification of the cheese milk, 2.0 kg (4.3 lb) of the milk were 
set aside as the suspending agent for the Vitex 850 Setting Powder (glucono 
delta lactone). The cold, acidified milk was placed into the other sanitized 
vat beside the in-progress culture vat. The acidified milk was slowly 
warmed to 32 C (90 F), with the vat's jacket temperature never excee~ing 
11 C (20 F) degrees over the milk's temperature. At 26. 7 C (80 F) the pH 
of the milk was measured. As shown in Table 1, this pH measurement de-
termined how much Vitex 850 Setting Powder to add to the milk, once 32 C 
(90 F) was reached. When the milk and jacket temperature reached 32 C 
(90 F), the appropriate amount of Vitex 850 Setting Powder was slurried 
into the 2. 0 kg (4. 3 lb) of cold milk set aside earlier. lmmed iately, the 
Vitex 850 slurry was added to the milk along with 24 ml (. 8 oz) of Vitex 
Cottage Cheese Coagulator (di luted with water, 1 + 3 ) . The vat contents 
were thoroughly mixed, but no longer than five min. The direct acid vat 
was then covered and left undisturbed for one h. After one h of lactone 
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hydrolysis, the Vitex 850 Setting Powder lowered the pH of the milk into 
the 4. 70 to 4. 75 range. The coagulum was cut in the same manner as that 
in the culture process. Hand stirring began 15 min after cutting; at which 
time 35 ml (1. 2 oz) of Vitex 750 Starting Acid, di luted with two I iters (2. 1 
qt) water, was added to the whey. The whey pH dropped to the 4. 4 to 4-. 5 
range and the cooking process commenced. Cottage cheese curd was cooked, 
washed, drained, sampled, weighed, and stored in the same manner as the 
culture process. 
Table. 1 Compensation table for Vitex 850 usage. a 
Milk pH at 26.7 C (80 F) Kg (lb) Vitex 850/378 liters (100gal) milk 
5.00 5.05 1 .'47 (3. 2 5) 
5.05 5. 15 1. 59 (3. 50) 
5. 15 5.20 1. 81 (4. 00) 
5.20 5. 25 2.04 ( 4. 50) 
5. 25 5.30 2.27 (5. 00) 
5 .30 5.40 2.72 (6.00) 
aManufacturing methods from Vitex/American, 10616 Trenton Ave., St. 
Louis, Missouri, 63100. 
Sampling 
Cheese milk, curd, and whey were sampled in duplicate and placed in 
532 ml (18 oz) Whirl-pak7 plastic bags. One set of samples was frozen and 
7 Nasca, Fort Atkinson, Wisconsin, 53538. 
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stored for later analysis, while the other set was used fresh for protein de-
terminations. Milk sampling occurred after afl ingredients were placed into 
the vats, with the exception of coagulators and Vitex 850 Setting Powder. 
The setting powder was not included since it would inevitably cause protein 
precipitation, resulting in difficulty in obtaining representative aliquots for 
analysis. Curd was mixed well after drainage and representatively sampled . 
.. 
Drained whey was collected in 37. 8 liter (10 gal) milk cans, stirred, and 
representatively sampled. Drained wash waters were also collected in milk 
cans, stirred, and sampled; samples were frozen and stored for lat.er quan-
titation of ·curd fines . 
. Compositional analyses 
Total protein in the milk and whey was determined according to the 
A.O.A.C. Kjeldahl procedure (6). Casein and whey protein fractions 
were derived by Rowland's methods (103). Analysis of curd proteins was 
conducted as with milk, after blending 25.0 g curd with 75.0 g of .05 M 
sodium hydroxide, in accordance to the procedure of Mickelsen (83). 
Total solids of all stored milk, curd, and whey samples were determined 
by the Mojonnier method described by Newlander and Atherton (90). Fat 
content of all samples was determined by the A.O.A.C. Roese-Gottlieb 
method (6). Sol ids-not-fat was calculated as the difference between total 
solids and fat. Ash content was determined by the A.O.A.C. official meth-
od (6), using porcelain crucibles·. Lactose was calculated as sol ids-not-fat 
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minus the sum of total protein and ash. Morrison's (87). method for phos-
phorus quantitation was used after appropriate dilutions were made of milk 
and wheys . Curd phosphorus was measured likewise, after the following 
sampl_e preparation: Add . 5 ml saturated magnesium nitrate to approximate-
ly 2 g (accurately weighed) of curd in a crucible, dry, ignite, ash at 550 C, 
dissolve ash in 10 ml 3 molar hydrochloric acid, dilute to 100 ml. Excess 
magnesium is reqt./ired to prevent loss of phosphorus during ashing (94). 
Atomic absorption spectrophotometry8 for calcium, magnesium, sodium, 
and potassium was performed on milk and whey after protein precipitation 
with 12% trichloroacetic acid. Appropriate dilutions prepared with . 5% 
lanthanum were used for calcium and magnesium, while sodium and potas-
sium samples were appropriately diluted with distilled water. Absorption~ 
for calcium and magnesium were determined in the presence of . 5% lantha-
num to prevent the interference of phosphorus. Cottage cheese curd was 
ashed at 550 C, dissolved in 10 ml of 3M hydrochloric acid, then diluted 
and analyzed as with milk and whey. 
Curd fines 
The amount of yield lost as shattered curd or curd fines in the whey and 
wash waters was ascertained with a modification of Rabb's (98) procedure. 
Each sample of whey or wash water .was mixed wel I before duplicate 40 ml 
. 8Perkin-Elmer model 303 atomi.c absorption spectrophotometer, with 
model OCR 1 B digital concentration read out, Perkin-El mer, Norwalk, 
Connecticut, 06850. 
portions were measured into 50 ml centrifuge tubes and centrifuged 9 at 
235 x G for 15 min. The supernate was decanted and the curd fines were 
quantitatively washed into tared Mojonnier solids dishes with distilled 
water. Thereafter, the samples were analyzed for total sol ids by the 
Mojonnier method. Grams of solids per 40 ml were calculated back to kg 
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of 20% solids curd in wheys and washes. The kg of lost curd (20% solids) 
divided by the kg of milk set, multiplied by 100, represented the yield lost 
as curd fines in whey and wash waters. 
Judging panel 
" A panel ranging from two to five experienced judges evaluated the 
. creamed curd in accordance with the ADSA-DIFSA score card. Body and 
texture, and appearance and color were evaluated, but the flavor category 
was omitted since personal biases in favor of culture flavor may have been 
present. Each pair of curd samples had the same rate of creaming mixture. 
Al I samples were coded to prevent knowledge of the sample's identity prior 
to the evaluation. 
Expression of yield 
Yield data were calculated as: kg 80% moisture curd per 100 kg milk; 
kg 80% moisture curd per kg milk solids; and percent recovery of milk 
components. 
9 . 
Damon/lEC model K centrifuge, Damon/lEC, 300 Second Ave., 
Needham Hts. , Massachusetts, 02194. 
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Statistical analysis 
Statistical analysis of the data utiliz~d least squares analysis of variance 
for a three factor (mil.k type, manufacturing process, and replication) 
design experiment (112). The main effects of process and milk type were 
tested by the respective main effect and replication interaction. The remain-
der was used as the error term 'to test the interaction of process and milk 
type. When the replication x main effect error term was smaller than the 
remainder and indicated false significance, a pooled error term, consisting 
of the remainder and replication x main effect, was used to test the main , 
effect. Fal"se significance was identified by testing process within each 
milk by a multiple range test. 
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RESULTS AND DISCUSSION 
Cheese milk composition 
The use of three 'types of milk in this study allowed a comparison of 
cotta.ge cheese yields by the culture and direct acidification processes as 
the milk source was varied. The comparison of yields derived from fresh 
skim milk is especially important since nearly all cottage cheese is current-
.. 
ly manufactured from non-fortified skim milk (83). Yields resulting from 
skim milk fortified with non-fat dry milk (NFDM) provided information re-
garding the amount of yield improvement to be expected from each .process 
as the percent milk solids increase. Yields resulting from the two process-
es using reconstituted NFDM also afforded valuable information in the event 
that the price of NFDM declines enough to justify its use in making cottag~ 
cheese. 
A fair comparison of yields requires no significant differences in the · 
composition of the respective milks utilized by each manufacturing method. 
As mentioned earlier, most differences in cottage cheese yields are attrj-
butable to differences in the milk composition (91). Rather than assuming 
that culture and direct acidification processes utilized essentially identical 
milk, it was necessary to divide the milk into equal quantities, to determine 
the gross composition of each milk and each cheese, and then to statistically 
analyze the results. 
Table 2. Average composition of three types of milk used to manufacture cottage cheese by culture 
and direct acidification ,erocesses. a 
Fresh skim milk Fortified skim milk Reconstituted NFDM Overall 
Com,eonent Culture Direct acid Culture Direct acid Culture Direct acid Mean SEb 
--------------------------------------% -------------------------------------------
Total solids 8.90 9.01 9.48 9.53 9.13 . 9. 10 9. 19 .04 
Fat , .37 .38 .43 .44 . 15 . 14 - . 32 . 01 
SNF 8.54 8. 62 9.05 9.08 8.97 8.95 8.87 .03 
Total protein 3 . 04 3.06 3.29 3. 25 3.24 3.21 3. 18 . 01 
Casein protein 2. 25 . 2.34 2.46 2.48 2.44 2.53 2 . 42 . 01 
Whey protein .80 .73 .83 .77 .80 .68 .77 .00 
Lactose 4.80 4.86 5.04 5.08 4.99 4.97 4.96 . 02 
Ash .70 .70 . 72 .75 .75 .77 .73 . 01 
--------------------------------------mg/100 ml-------------------------- · -------
Phosphorus 99. 1 112.2 108.2 116. 0 
Calcium 117.3 114. 6 120.1 122.4 
Magnesium 12.2 12.2 . 12 . 6 12.9 
Potassium 131 .6 133.2 136. 6 140.9 
Sodium 58.2 59.5 60.8 62.8 
aMilk and process interactions are means of nine replications. 
b Standard error. 
95.7 113.4 107.4 1 . 1 
129.2 117.7 120.2 1 . 1 
16.4 15.0 13. 5 . 1 
143. 1 133. 1 136.4 1. 0 
58.5 55.3 59.2 .6 
.,_ 
VI 
0 
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Average composition of the milks used in this study is listed in Table 2. 
The_ fresh skim milk averaged 8 . 6% SNF, 3. 0% total protein, and 2.3% 
casein, which compares well with other recent reports of milk composition 
(3, 75, 134). However, the fresh skim milk used in this study was slightly 
lower in SNF and protein when compared to the resu Its reported by 
Mickelsen (83). Mickelsen studied commercial cottage cheese operations 
in the Great Plains and found that the milk used in these operations con-
tained 8. 8% SNF and 3. 2% total protein during the summer season. The SNF 
and protein contents of the fresh skim milk used for this study were also 
considerably lower than milk composition historically reported in reference 
books (58, 129), substantiating reports (134) of a decline in solids during 
the past several years. Historically, milk composition was reported (129) 
to average 9. 1 % SNF, 3. 5% total protein, 2. 8% casein, . 7% whey protein, 
4. 9% lactose, and . 7% ash. The decline in milk solids content has been 
attributed to decreased emphasis on fat content and increased emphasis on 
milk production volume (3). This change in emphasis has resulted in a 
change in the ratio of dairy breeds in the U.S., with a current predomi-
nance of breeds producing higher quantities of milk and less solids. Also, 
genetic emphasis and management practices currently favor increased 
volume of milk and lower solids content. 
The major minerals of the milks used in this study are also listed in 
Table 2. Excluding fhe phosphorus in direct acid milks, the content of the 
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respective milk minerals compares closely with other reports (129, 133). 
No apparent deficiency of calcium was detected in the milks. Had a defi-
ciency of calcium in· the fresh skim milk been apparent, results of this 
study may have helped to clarify the controversial issue of whether or not 
calcium supplementation is beneficial in the manufacture of cottage cheese. 
Fat contents of approximately . 4% (Table 2) were relatively high for 
.. 
fresh and fortified skim milks. This high fat content resulted from an in-
efficient separator. Mickelsen studied commercial cottage cheese opera-
tions and reported skim milk to average .1% fat (83). The average fat 
content in the reconstituted NFDM used in this study compared wel I with 
the report (83) made by Mickelsen. The effect of excess fat in the fresh 
and fortified skim milks is also evidenced in the curd and whey composition 
(Tables 3 and 4). 
Statistical information in Table 5 shows that the gross composition of the 
culture and direct acid cheese milks were not significantly different 
(F(. OS). To provide as fair a comparison as possible, samples of the 
cheese milks were removed for analyses after filling the vats. When sam-
pled, the direct acid milk contained the Vitex 750 starting acid and the cul-
ture milk contained 5% bulk starter culture. The protein fractions of direct 
acid and culture milk did not agree, possibly because coagulated casein 
from the bulk starter culture did not redisperse completely, and/or the 
proteolytic activity of the starter culture (20, 23, 124) caused an increase 
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in non-protein nitrogen (measured as non-casein nitrogen) which indirectly 
reduced the calculated casein. Since the Vit'ex 750 starting acid, containing 
phosphoric acid, was present when the direct acid milk was sampled, the 
sig~ificant difference (P(. 01) betwee·n the phosphorus contents of culture 
and direct acid milks was expected. 
Curd composition 
Average composition of the cottage cheese curd resulting from this 
study is shown in Table 3. Statistical analyses of curd composition is sum-
marized in Table 5. The total solids content of al I six curd types were not 
significantly different from one another. The overall average of 20:25% 
solids agrees well with other reported values (92, 117, 129) of cottage 
cheese solids. Since the extent of cooking and the resulting moisture con-
tents were variable, a more meaningful comparison of composition was 
possible by adjusting all components to a 20% total solids basis. 
Differences in the fat content of the curds were highly significant 
(P(. 01) between processes and milks. These differences are directly attri-
butable to the high fat content in the fresh skim milks and fortified skim 
milks. However, the fat percent in NFDM curd compared closely with 
values in published work (129). Direct acidification recovered more fat 
in the curd than did the culture process .probably because direct acid milk 
began to coagulate within 1 h after thoroughly stirring the milk during 
the incorporation of coagulator and glucono-delta-lactone. In contrast, 
Table 3. Average composition of cottage cheese curd manufactured from three types of milk using 
culture and direct acidification Rrocesses. a 
Fresh skim milk Fortified skim milk Reconstituted NFDM Overall 
Componenti? 1 Culture Direct acid Culture Direct acid Culture Direct acid Mean SEC 
--------------------------------------------%--------------------------------------
Total solids 
Fat 
SNF 
Total protein 
·. Casein protein 
Whey protein 
Lactose 
Ash 
20. 18 
1. 68 
18. 32 
16. 10 
15. 49 · 
. 61 
1. 82 
.40 
19.74 20.70 
2 .13 2. 19 
17.87 17.81 
15. 72 15.84 
15.02 15.20 
.70 .64 
1. 84 1. 60 
. 31 .37 
20.77 19.89 20.25 20. 25 .32 
2.46 . 41 .47 1-.56 .03 
17.54 19. 59 19.53 18.44 . 02 
15.83 16.70 17. 13 16.22 .09 
15. 18 16.07 16.48 15.57 .09 
.65 . 63 . 6_5 • _§_S_ . 01 
1. 36 2.44 1. 97 1.84 . 09 
.35 .45 .43 .38 . 01 
----·--------------------------------mg/ 100 g----------------------- ·----- · --------
· Phosphorus 
Calcium 
Magnesium 
Potassium 
Sodium 
186. 1 
23.0 
5.5 
7.8 
12.4 
197.8 
19. 1 
4.4 
6.2 
11. 0 
183.0 198.5 
23. 9 19.8 
4.9 4.2 
5.4 5.5 
10. 1 11.4 
aMilk and process interactions are averages of nine replications. 
197.8 211 . 1 
28.5 29. 1 
5.9 5.5 
9.9 7.8 
11.5 11 . 1 
bAII curd components except total solids are calculated to a 20% total curd solids basis. . 
C Standard error. 
195.7 1. 8 
23. 9 .5 
5. 1 . 1 
7. 1 .4 
11. 3 .4 
V1 
+: 
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the culture milk stood approximately 3 h fol lowing the addition of coagulator 
while coagulation was occurring. The fat globules had very little chance 
to rise to the surface in the direct acid milk, while the culture process 
all.owed sufficient time for a substantial "creaming" effect. Therefore, 
the culture process did not entrap as much fat within the curd as did the 
direct acidification .process. Also, a relatively high fat content in the 
upper portions of the milk used in the culture process more than I ikely 
contributed to a weaker coagulum. A weak coagulum shatters easily and 
results in yield losses as curd fines. Yield losses as curd fines are dis-
cussed in a later section. 
Al I other curd constituents, except ph_osphorus and magnesium, were 
not significantly different between the culture and direct acid curds. As, 
with the cheese milks, the highly significant difference (P(. 01) in phos-
phorus between culture and direct acid curd was expected since phosphoric 
acid is an ingredient in the direct acid process (Vitex 750 starting acid). 
There was also a significant difference (P(. OS) in magnesium content be-
tween culture and direct acid curds. This is in partial agreement with the 
work of Sinha, et. al. (110) who reported direct acid cottage cheese to con-
ta in slightly more calcium, magnesium, and phosphorus than conventional 
culture curd. No readily explainable reason for this difference is apparent. 
Percentages of other curd constituents compared wel I with those cited 
in other reported work (129). Ash content is difficult to compare with some 
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published work (117, 129) since commercial cottage chee·se usually contains 
added salt. The average percent of ash in the curd from this study com-
pared favorably wit.hash c::ontents reported by Mickelsen (83). However, 
curd calcium in this study was approximately 30% lower than values in other 
reported work (117, 133). The phosphorus content of the curd was ap-
proximately twice that listed in two reports (117, 133). However, one com-
.. 
mere ial manufacturer ( 117) reported the production of cottage cheese con-
taining 152 mg phosphorus per 100 g curd. Another study (11 0) found 
direct acid curd to contain 168. 7 mg phosphorus per 100 g curd. A review 
{ 12 9) of sever a I reports indicated that cu rd phosphorus cou Id range from 
134 to 230 mg per 100 g curd. Each wash_ water used in this study had been 
acidified to pH 5 with the Vitex 750 starting acid. Phosphoric acid is a , 
constituent of the Vitex 750 starting acid, which may partially explain the 
relatively high phosphorus content measured in both culture and direct 
acid curds. 
Whey composition 
Average composition of the cottage cheese wheys resulting from this 
work is listed in Table 4, followed by the statistical summary in Table 5. 
Wheys produced by culture and direct acid methods differed significantly 
(P(. 05) in all constituents except whey protein, magnesium, potassium, 
and sodium. 
\ 
Table 4. Average composition of whey resulting from the manufacture of cottage cheese from three 
types of milk using culture and direct acidificatio_D~~[:>rocesses. a 
Fresh skim milk Fortified skim milk Reconsituted NFDM Overal I 
Comeonent Culture Direct acid Culture Direct acid Culture Direct acid Mean SEb 
--------------------------------------- --%------------ . ---------------------------
Total solids 
Fat . 
SNF 
Total protein 
Casein protein 
Whey protein 
Lactose 
Ash 
5.92 
. 15 
5. 77 
.80 
.08 
. 72 
4.33 
.64 
6.45 
.05 
6.40 
.74 
.02 
. 72 
4.89 
.77 
6.49 7.00 
. 11 .05 
6.38 6.95 
.83 .80 
.05 .03 
.78 .77 
4. 84 5.33 
.71 .82 
6.06 7.04 6.49 . 12 
.04 .04 . 07 .00 
6.02 7.00 6. 42 . . 09 
.76 . 72 .78 . 01 
.05 .04 .05 . 01 
. 71 .68 .73 .00 
4.57 5.44 4.90 .07 
.69 .84 .74 . 01 
--------------------------------------mg/100 ml-----------------------------------
.Phosphorus 
Calcium 
Magnesium 
Potassium 
Sodium 
79.3 
98.6 
10 8 
116. 8 
52.6 
186.4 
87.8 
10.7 
106.3 
54.7 
I 
86.3 211.9 
105. 1 97. 1 
11. 7 12.3 
117.9 118.2 
56.5 56.2 
aMilk and process interactions are averages of nine replications. 
b Standard error. 
80.6 205. 1 141. 6 2.3 
109.0 98. 1 99.3 1 . 3 
14.8 14.9 12.5 .2 
119. 7 122.2 116. 8 2.3 
52.0 52. 5 54. 1 .7 
V'I 
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Table 5. Statistical ·analysis____9f_Jreatment effect~ on _!he _c_omposition of milks, curds, __ ~n_d_wheys. 
Treatment 
Process 
Milk type 
Process x Milk 
Process 
Milk type 
Process x Milk 
Process 
Milk type 
Process x Milk 
Comeonent (%) 
Total Total Casein Whey 
sol ids Fat SNF protein protein prate.in Lactose Ash P Ca Mg K Na 
------------------------------------Milk-----------------------------------------
NS NS NS NS * ** NS NS ** NS NS NS NS 
** ** ** * ** * NS ** NS NS ** - NS * 
NS NS NS NS NS NS NS NS NS . NS ** * NS 
-----------------------------------Curda _______________________________________ _ 
NS 
NS 
NS 
** 
** 
** 
** 
** 
** 
NS NS 
* * 
NS NS 
NS 
NS 
NS 
NS 
* 
NS 
NS 
* 
NS 
** NS * NS 
* ** ** NS 
NS NS NS NS 
NS 
NS · 
NS 
-----------------------------------Whey-----------------------------------------
* 
NS 
NS 
** 
** 
** 
** 
NS 
NS 
** 
** 
NS 
* 
NS 
NS 
NS 
** 
NS 
** 
NS 
NS 
** 
* 
NS 
** ** NS NS NS 
NS NS ** NS NS 
NS NS NS NS NS 
,aAII curd components except total solids are calculated on a 20% total curd solids basis. 
* Significant (P( . OS). 
**Highly significant (P( . 01). 
NS = Not significant. 
U1 co 
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Direct acid whey contained a significantly (P(. 05) greater amount of 
total solids and a significantly (P(. 01) g_reater amount of SNF than did 
culture whey. The increased SNF in direct acid whey is attributed to lac-
tose and ash. Ash content of the wheys compares favorably with ash 
values given in other reports (83, 129). Direct acid whey would be ex-
pected to contain more lactose than culture whey since some of the lactose 
is fermented in the culture process. 
Within the ash component, direct acid whey contained 2. 5 times as much 
phosphorus as did culture whey, which was a highly significant difference 
(P(. 01 )". The phosphorus content of culture wheys compared very closely 
with the results of Wong ·(133). Evidently, the phosphoric acid used in the 
direct acid process is responsible for the large difference between the 
phosphorus content of culture and direct acid whey. 
The higher solids in whey resulting from direct acidification can be 
either an advantage or a disadvantage to the cottage cheese manufacturer, 
depending upon the utilization of the whey. Increased solids in the whE:?y 
would be beneficial if the whey is to be dried or utilized in a food product. 
However, the higher solids in direct acid whey are more likely to present a 
problem in sewage systems than would culture whey. Sewage treatment 
problems would be greater because of the relatively high phosphorus con-
tent and increased biological oxygen demand resulting from the increased 
I actose content. 
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The whey resulting from the culture process contained a significantly 
greater (P<. 01) level of protein than did th~ whey produced by the direct 
acid process. The 'average tota I protein content of the wheys reported here 
was slightly lower than the protein content of . 83 to . 85% reported else-
where for acid whey (83, 12 9). Further examination of the whey composi-
tion shows the casein fraction in culture whey to be the only protein fraction 
.. 
significantly (P(. 05) greater than the protein fraction of direct acid whey. 
Culture whey contained more casein since it contained a significantly great-
er (P(. 01) amount of curd fines than did direct acid whey. Data Jn Table 3 
indicates casein to be the major single constituent of curd. Curd ffnes are 
discussed in the following section. 
Cottage cheese yields lost as curd fines 
Average cottage cheese yield (%) lost as curd fines is presented in 
Table 6 and statistically summarized in Table 7. As compared to direct 
acidification, the culture process produced a greater loss in yield as curd 
fines that was highly significant (P(. 01) in the whey and second wash and 
was significantly greater (P(. 05) in the first and third washes. However, 
analysis of curd yields revealed that the yield losses as curd fines were not 
sufficient to produce a significantly lower (P(. 05) yield in cottage cheese 
curd made by the culture process. 
Rabb (98) stated that factors influencing the amount of curd shattering 
during the cooking and washing steps are: 1) quality and solids content of 
Table 6. Average yield lost as curd fines in cottage cheese whey and wash waters resulting from 
the manufacture of three types of milk utilizing culture and direct acic::Jificatjo~2rocesses. 
Yield lost (kg 20% .solid curd/100 kg milk)a 
Source of Fresh skim milk Fortified skim milk Reconstituted NFDM Overall 
tield loss Culture Direct acid Culture Direct acid Culture Direct acid Mean SEb 
Whey .96 . 52 . 64 . 52 . 87 . 73 .71 .06 
First wash .60 .44 . 61 . 55 . 67 . 53 .57 .03 
Second wash . 15 . 10 . 19 . 12 . 20 . 14 . 15 . 01 
Third wash .09 .07 . 11 . 07 . 10 . 08 .09 . 01 
Total 1. 81 1. 12 1.54 i1. 2 6 1. 83 1. 48 1 . 51 .06 
a Al I figures rounded. 
• b . 
Standard error . 
O") -
Table 7. Statistical analysis of treatment effects on yield lost as curd fines in whey and _wash 
waters resulting from the manufacture of three types of milk utilizing culture and direct acidification 
_erocesses. 
Treatment Whey First wash 
Process ** 
Milk type NS 
Process x Milk NS 
a Kg 20% sol ids curd per 100 kg milk. 
*Significant (P ( . OS). 
**Highly significant (P ( . 01). 
NS = Not significant. 
* 
NS 
NS 
Source of yielda lost as curd fines 
Second wash Third wash Total 
** * ** 
NS NS NS 
NS NS NS 
a, ,....., 
the skim milk used; 2) type and activity of culture used; 3) firmness of 
coagu·lum and acidity; 4) method of cutting and cooking the curd, and 5) 
type and rate of agitation used. 
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- The culture process may have had increased shattered curd due to the 
relatively high fat content in two of the three milks. After standing undis-
turbed for 3 h at ·32 C, the upper portions of the culture milk probably con-
tained a relatively high percentage of fat. Since fat does not coagulate, the . 
excessive fat content may have contributed to a weaker coagulum in the 
upper portions of the culture milk, although this was not visually apparent 
during the manufacturing process. As Rabb (98) mentioned, and which is 
commonly known, excessive shattering of the curd can result from a weak 
coagulum. 
Cottage cheese yields 
Average cottage cheese yields -are reported in Table 8 and are statisti-
cally summarized in Table 9. Yields were expressed by three of the more 
commonly used methods. Percent yield (kg curd per 100 kg milk) is prob-
ably the most used method of yield expression, but does not compensate for · 
differences in the composition of the cheese milk. Yield expressed as kg 
curd per kg milk solids and percent recovery of solids measures the effi-
ciency of the process since the solids contained in the cheese milk are used 
to determine the curd quantity. 
Table 8. Average cottage cheese yields derived from the manufacture of three types of milk 
utilizing culture and direct acidification processes. a 
Fresh skim milk Fortified skim milk 
Yield methodb Culture Direct acid Culture Direct acid 
Kg curd per 
100 kg milk 15.25 15.94 16. 59 . 16.69 
. Kg curd per 
kg milk solids 1. 71 1. 77 1. 75 1. 75 
Recovery of 
milk solids (%) 34. 25 35 . 44 35.01 34 . 97 
a Milk and process interactions are means of nine rep I ications. 
b20% solids curd . 
C Standard error. 
Reconstituted NFDM Overall 
Culture Direct acid Mean SEC 
14.54 15.64 15.78 . 16 
1. 60 1. 72 1. 72 .02 
31.89 34.37 34.32 .36 
O'\ 
.i::-
Table 9. Statistical analysis of treatment effects on cottage cheese yields derived from the 
manufacture of three types of milk utilizing culture and direct acidification processes. 
Treatment 
Process 
Milk type 
Process x Milk 
a20% solids curd. 
*Significant (P (. 05). 
NS = Not significant. 
Kg curda / 100 kg milk 
NS 
* 
NS 
Yield -
Kg curda /kg milk solids Recovery of sol ids (%) 
NS NS 
NS ' NS 
NS NS 
°' u, 
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All three methods of expressing yield showed that there were no signifi-
cant di.fferences in cottage cheese yieid between the culture and direct 
·· acidification processes. No significant difference in percent yield occurred 
between processes for each type of milk uti I ized. 
The statistical summary of yields in Table 9 also indicates that the effi-
ciency of milk conversion into cottage cheese did not improve as the milk 
solids were increased by adding NFDM sufficient to increase total solids by 
. 5%. The percent yield improved significantly (P<.. 05) because of milk 
type; however, percent recovery of sol ids and kg curd per kg milk _sol ids 
did not improve significantly because of solids fortification. This is in 
disagreement with the conclusions of Bender and Tuckey (7) who stated 
that as total solids of cheese milk increased from 8.92 to 9.71%, the percent 
recovery of milk solids in the curd increased from 32. 2 to 38. 8%. This 
statement was based on the highest and lowest percent recoveries produced 
from fifteen experimental vats of cheese and was not substantiated statisti-
cally. While Bender and Tuckey used a range of .79% solids between the 
high and low recoveries, research data from this study are based on 18 
replications with skim milk and fortified skim milk, which averaged 8. 58 
and 9. 06% SNF, respectively. This is only an increase of . 5% SNF, and the 
results might have been different with greater solids fortification. 
The average cottage cheese yields reported in this study compare very 
closely with other reported yields. The average yield in this research was 
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15. 8%. Wi lster (132) reported that 14 to 16% -yield is satisfactory . Angevine 
(3) stated that a yield factor of 1. 70 to 1. 75 kg curd per kg milk solids is 
diff~cult to obtain. Using reconstituted NFDM, typical yield factors in-
clude 1. 53 (17), 1. 60 (80), and 1. 64 (63) kg curd per kg milk solids. 
Lundstedt (75) reported that 30 years ago, 36% was a common percent 
recovery of milk ·solids in the curd; however, in 1973 a typical recovery 
of solids was 33%. 
Judging panel 
Each week a panel of two to five experienced judges evaluated the 
creamed curd produced from the previous week. Body and texture and 
appearance and color were the characteristics evaluated. Over the ex-
tent of nine weeks the judges found no detectable difference in curd qua I ity 
and appearance between curd produced by the culture and direct acidifica-
tion processes. These results are in agreement with a published consumer 
survey (4) comparing preferences between cottage cheeses made by tt]e 
same processes utilized in this research. 
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SUMMARY 
The objectives of this research were to compare cottage cheese yields 
der~ved from the conventional short-set culture process and a commercially 
utilized direct acidification process. Fresh skim milk, fortified skim milk, 
and reconstituted NFDM were used to manufacture a total of 54 vats of 
cheese with nine·replications. Each vat utilized 157 kg milk which was 
sufficient volume to simulate commercial manufacture. 
Weights were accurately taken to ascertain yield information. Composi-
tional analyses performed on the milks, curds, and wheys induded: total 
solids, fat, total nitrogen, non-casein nitrogen, ash, phosphorus, calcium, 
magnesium, potassium and sodium. Total protein and whey protein were 
calculated by respectively multiplying total nitrogen and non-casein nitro-
gen by 6. 38. Sol ids-not-fat, casein protein, and lactose were derive~ by 
difference. Yield lost as curd fines in the whey and wash waters was also 
determined. The creamed curd quality was evaluated by a panel of judges 
on the basis of body, texture, appearance, and color. 
Using least squares analysis of variance to test the data, no significant 
·difference (P(. 05) existed between the cottage cheese yields resulting 
from the culture and direct acidification processes. Creamed curd manu-
factured from each process was not different in quality detectable by a 
judging panel. Fortification of. 5% SNF in the skim milk did not signifi-
cantly (P(. 05) improve the efficiency of milk solids recovery in the curd, 
although percent yield improved significantly (P(.05). 
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APPENDIX 
Table A-1. Cottage cheese yields expressed as kg 20% solids curd per 100 kg milk.-
Yield (%) 
Fresh skim milk Fortified skim milk Reconst_ituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 14.23 13.29 17 . 80 17. 15 14.09 14.85 
2 15.40 15.81 15.49 15.42 14. 52 . 14. 89 
3 15.32 16.97 17. 91 20.70 14.54 14. 18 
4 12.90 14. 12 14.94 14.30 14.19 14.70 
5 15. 13 15.20 15. 12 15.92 13.31 15.01 
6 15.40 18.51 18.90 19.37 15 . 54 18.79 
7 18. 19 15.54 14.33 15.63 15. 51 18.37 
8 15.74 18.75 18.83 15.62 15.33 15 . 90 
9 14.97 15.30 15.99 16. 10 13. 86 14. 11 
Average 15.25 15.94 16.59 16.69 14.54 15.64 
00 
....& 
Table A-2. 
Rep I ication 
2 
3 
4 
5 
6 
7 
8 
9 
Average 
Cottage cheese yields expressed as kg 20% solids curd per kg milk solids. 
Yield (kg curd/kg solids) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Culture Direct acid Culture Direct acid Culture ·Direct acid 
1. 57 1. 48 1.85 1. 79 1. 66 1. 67 
1. 69 1. 68 1. 63 1. 75 1. 52 1 . 70 
1. 65 1. 79 1. 69 1. 97 1. 58 1. 54 
1.54 1.57 1. 63 1.55 1. 54 1. 63 
1.76 1. 78 1. 63 1. 70 1. 46 ·1. 58 
1. 76 2.08 1. 97 2.00 1. 67 2.04 
1. 99 1. 73 1. 55 1. 65 1.64 1. 95 
1. 80 2. 14 2. 11 1. 66 1.66 1.69 
1. 65 1. 69 1. 69 1. 66 1. 63 1. 66 
1. 71 1. 77 1. 75 1. 75 1. 60 1. 72 
ex, 
"" 
Table A-3. Recovery of milk sol ids in cottage cheese curd. 
Recovert of sol ids (%) 
Fresh skim milk Fortified skim milk 
Replication Culture Direct acid Culture Direct acid 
31.45 29.57 36.92 35.88 
2 33.81 33.63 32.68 35.04 
3 33.02 35.83 33.86 39.37 
4 30.78 31.30 32.71 30. 92 
5 35.22 35.64 32.55 33.96 
6 35. 11 41.60 3~L 41 40.03 
7 39.76 34.65 30.98 32.97 
8 36. 01 42.86 42. 18 33.27 
9 33.06 33.90 33.80 33.26 
Average 34.25 35.44 35. 01 34. 97 
Reconstituted NFDM 
Culture Direct acid 
33. 15 33.40 
30.38 34.04 
31.54 30. 76 
30.86 32.67 
29. 16 -31. 57 . 
33.42 40.85 
32.79 38.95 
33. 18 33.85 
32.54 33.24 
31.89 34.37 
CX) 
w 
Table A-4. Total yield lost as curd_ fines in cotta.9.e cheese whey and wash waters. a 
Total tield lost (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Replication Culture Direct acid Culture Direct acid Culture Direct acid 
1 --no samples-- 1. 39 1. 16 3.00 2.55 
2 3.72 2.08 2.80 2.55 3.39 3. 53 
3 4.48 3.00 2.04 2.34 2.00 1. 93 
4 1. 65 .84 2.52 2.23 . 77 1. 02 
5 1.08 .98 ·1 . 11 . 51 2. 24 .73 
6 . 71 .49 .78 . 63 2. 11 1. 30 
7 .65 .48 1. 01 .68 .84 .81 
8 .80 . 53 .83 .50 . 52 .72 
9 1. 35 .56 1. 40 .77 1. 64 .73 
Average 1. 81 1 . 12 1. 54 1. 26 1. 83 1. 48 
aSums of average values computed for individual whey and wash waters, calculated as 
kg 20% solids curd per 100 kg milk~ 
00 
.i::-
Table A-5. Yield lost as curd fines in cottage cheese wheys. a 
Yield lost (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture . Direct acid 
1 --no sample-- .54 .29 1. 36 1. 23 
2 2.29 .97 1.13 1.08 1. 97 1. 86 
3 2. 72 1.50 .82 1.38 .94 1.00 
4 . 57 .44 . 93 .64 .39 .54 
5 ~45 .34 .47 .22 .83 .22 
6 .38 .24 .36 .30 .94 .74 
7 .28 .21 .47 . 41 .32 .35 
8 .36 . 18 .34 . 21 .24 .34 
9 . 63 .27 . 67 . 18 .80 .28 
Average .96 . 52 .64 .52 .87 .73 
aAverages of duplicate analyses, calculated as kg 20% solids curd per 100 kg milk. 
C0 
V1 
Table A-6. Yield lost as curd fines in the first wash waters. a 
Yield lost (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture . Direct acid 
1 --no samples-- .58 .64 .96 .98 
2 1.02 .88 1. 32 1. 17 1. 18 1.30 
3 1. 30 1. 12 .78 .64 .67 . 61 
4 .75 .27 . 93 1. 25 .20 .32 
5 ~48 . 52 .44 .21 1. 12 .31 
6 .25 . 15 .25 .20 . 83 .44 
7 .24 . 16 .36 . 15 .32 .29 
8 .30 .22 .29 . 16 . 17 . 21 
9 . 47 . 18 . 51 .49 .56 .28 
Average . 60 .44 .61 .55 .67 .53 
aAverages of duplicate analyses, calculated as kg 20% solids curd per 100 kg milk. 
00 
O') 
Table A-7. Yield lost as curd fines in the second wash waters. a 
Yield lost (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Replication Culture Direct acid Culture Direct acid Culture Direct acid 
1 --no samples-- . 14 . 14 .45 . 23 
2 .29 . 12 .22 . 16 . 13 .24 
3 .27 .27 .32 .24 . 31 .20 
4 .20 .08 .47 .26 .09 .08 
5 ·. 12 .ot . 11 .04 . 18 . 12 
6 .04 .05 . 10 .07 .25 .08 
7 .07 .06 . 11 .07 . 13 . 10 
8 .08 .08 .09 .06 .06 . 11 
9 . 15 .06 . 12 . 06 . 18 . 12 
Average .15 .10 . 19 . 12 .20 . 14 
aAverages of duplicate analyses, calculated as kg 20% solids curd per 100 kg milk. 
CX) 
....... 
Table A-8. Yield lost as curd fines in the third wash waters. a 
Yield lost (%) 
Fresh skim milk Fortified ski'm milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture . Direct acid 
1 --no samples-- .13 .09 .23 . 11 
2 . 12 . 11 .13 . 14 . 11 . 13 
3 . 19 . 11 . 12 .08 .08 . 12 
4 . 13 .05 . 19 .08 .09 .08 
5 03 . 05 ' .09 .04 . 11 .08 
6 .04 .05 .07 .06 .09 .04 
I 
7 .06 .05 .07 .05 .07 .07 
8 .06 .05 . 11 .07 .05 .06 
9 . 10 .05 .10 .04 . 10 .05 
Average .09 .07 . 11 .07 . 10 .08 
aAverages of duplicate analyses, calculated as kg 20% solids curd per 100 kg milk. 
00 
00 
Table A-9. Total solids content of milks used for cottage cheese manufacture. a 
Total sol ids (%) 
Fresh skim milk Fortified . skim milk Reconstituted NFDM 
Replication Culture Direct acid Culture Direct acid Culture Direct acid 
1 9.05 8.99 9.64 9.56 8.50 8.89 
2 9. 11 9.40 9.48 8.80 9.56 8.75 
3 9.28 9.47 10.58 10. 52 9.22 9.22 
4 8.38 9.02 9. 14 9. 25 9. 20 9.00 
5 8.59 8.53 9. 29 9.38 9. 13 . 9. 51 · 
6 8. 77 8.90 9.59 9.68 9.30 9.20 
7 9. 15 8.97 9.25 9.48 9.46 9.43 
8 8.74 8.75 8.93 9.39 9. 24 9.39 
9 9.06 9.03 9.46 9.68 8.52 8.49 
Average 8.90 9.01 9.48 9.53 9.13 9. 10 
aAverages of duplicate analyses. 
00 
Table A-10. Fat content of mi I ks used for cottage cheese manufacture. 
Fat (%) 
Fresh skim milk Fortified skim milk 
Rep I ication Culture Direct acid Culture Direct acid 
1 . 19 . 19 .27 .27 
2 .47 . 55 .33 .30 
3 .73 .84 1. 33 1. 53 
4 .23 .39 .27 .28 
5 .25 .25 .31 .30 
6 .32 .32 .35 .34 
7 . 41 .33 .30 .23 
8 .29 . 16 .28 .28 
9 .40 . 41 .44 .45 
Average .37 .38 .43 .44 
Reconstituted NFDM 
Culture Direct acid 
.07 .06 
. 62 . 17 
.23 .66 
.08 .07 
.07 · . 09 
.08 .07 
.07 .02 
.08 .08 
.07 .07 
. 15 . 14 
\.0 
0 
Table A-11. Solids-not-fat content of milks used for cottage cheese manufacture. a 
SNF (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Reel ication Culture Direct acid Culture Direct acid Culture . Direct acid 
1 8.86 8.80 9.37 9. 29 8. 43 8.83 
2 8.64 8.85 9. 15 8.50 8.94 8.58 
3 8.55 8.63 9. 25 8.99 8.99 8.56 
4 8. 15 8. 63 8.87 8.97 9. 12 8.93 
5 8.34 8.28 8.98 9.08 9.06 9.42 
6 8.45 8.58 9. 24 9.34 9.22 9.13 
I 
7 8.74 8.64 8.95 9. 25 9.39 9.41 
8 8.45 8.59 8.65 9. 11 9.16 9.31 
9 8.66 8.62 9.02 9.23 8.45 8.42 
Average 8.54 8. 62 9.05 9.08 8.97 8.95 
aCalculated by subtracting fat from total sol ids . 
ID 
Table A-12. Total protein content of milks used for cottage cheese manufacture. 
a 
Tota I protein (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Replication Culture Direct acid Culture Direct acid Culture · Direct acid 
3.08 3. 19 3.39 3.37 3.00 3.05 
2 2.92 2.99 3.30 3.28 3.40 3.35 
3 3.02 3. 14 3.34 3.32 3.20 3.24 
4 2.81 3. 10 3.22 3.26 3. 26 3.26 
5 3. 14 2.96 3.31 3.39 3.38 . 3.21 
6 3.04 2.95 3.34 3.32 3.29 3. 29 
7 3. 13 3.07 3.24 3. 19 3.24 3.29 
8 3. 10 3. 12 3.30 3.28 3.33 3.33 
9 3. 14 3.05 3.21 2.84 3 . 02 2.91 
Average 3.04 3.06 3.29 3.25 3.24 3.21 
aTotal nitrogen % multiplied by 6.38. 
c.o 
IV 
Table A-13. Casein protein_~onte_n_t_ of m_i lks u?ed_ for cottage cheese manufacture. 
a 
Casein protein {%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture · Direct acid 
2.29 2.47 2.63 2. 61 2.39 2.48 
2 2. 16 2.34 2. 52 2.50 2.53 2.67 
3 2.2i 2.42 2.55 2.55 2.39 2. 43 
4 1. 98 2.33 2.38 2.47 2.45 2.55 
5 2.23 2. 17 2.32 2.55 2.45 2.54 
6 2.28 2.24 2.52 2.56 2. 47 2.63 
7 2.41 2.35 2.44 2.46 2.45 2.51 
8 2.31 2.38 2.49 2.49 2.59 2.67 
9 2.33 2.33 2.30 2. 10 2.22 2.31 
Average 2.25 2.34 2.46 2.48 2.44 2.53 
aTotal protein minus whey protein . . 
c.o w 
Table A-14. Whey protein content of milks used for cottage cheese manufacture. a 
Whe~ erotein (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture . Direct acid 
.79 . 72 .76 .76 . 61 .57 
2 .76 .65 .78 .78 .87 .68 
3 .80 . 72 .79 . 77 .81 .81 
4 .83 . 77 .84 .79 . 81 . 71 
5 . 91 .79 .99 . 84 .93 .67 
6 .76 .71 .82 .76 .82 . 66 
7 .72 . 72 .80 .73 .79 .78 
8 .79 .74 .81 .79 .74 .66 
9 .81 .72 . 91 .74 .80 .60 
Average .80 .73 .83 . 77 .80 . 68 
aNon-casein nitrogen multiplied by 6. 38. 
Table A-15. Lactose content of milks used for cottage cheese manufacture. a 
Lactose . (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Reel ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 5.05 4.88 5. 20 5. 15 4.69 4.94 
2 4.98 5.09 5.09 4.53 4. 72 4. 35 
3 4.83 4.78 5. 15 4.92 5.03 4.55 
4 4.66 4.81 5.05 4.94 5.08 5.00 
5 4.49 4.62 4.99 4 . 93 5.04 . 5. 41 
6 4.68 5.01 5. 12 5.23 5. 10 5 . 14 
I 
7 4.96 4. 86 4.98 5.31 5.36 5 . 32 
8 4.70 4.78 4.64 5.09 5. 10 5. 20 
9 4.83 4.92 5. 14 5.64 4.76 4.81 
Average 4.80 4 ~86 5.04 5.08 4.99 4.97 
aSol ids-not-fat minus the sum of ash and total protein. 
\.0 
V1 
Table A-16. Ash content of milks used for cottage cheese manufacture. 
Ash (%) 
Fresh skim milk Fortified skim milk 
Rep I ication Culture Direct acid Culture Direct acid 
1 .73 .73 .78 . 77 
2 .74 .77 .76 .69 
3 .70 .71 .76 .75 
4 . 68 . 72 .60 . 77 
5 .71 .70 .68 .76 
6 .73 . 62 .78 .79 
7 .65 .71 .73 .75 
8 .65 .69 .71 .74 
9 .69 .65 .67 .75 
Average .70 .70 . 72 .75 
Reconstituted NFDM 
Culture Direct acid 
.74 .84 
.82 .88 
.76 .77 
.78 .67 
.64 .80 
.83 .70 
.79 .80 
.73 .78 
.67 .70 
.75 .77 
\.C) 
°' 
Table A-17. 
Rep I ication 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Average 
Phosph_Q_r_u_~_ c<>nt_~nt __ of_ mqk~_ used for cottage cheese manufacture. 
Phosphorus (mg/100 ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Culture Direct acid Culture Direct acid Culture Direct acid 
97.0 123.9 118.5 125.5 102.9 123.9 
103.5 121. 8 114. 8 109.4 119. 6 118.5 
104.0 106. 1 115.8 119. 6 118.0 113. 2 
102. 4 114. 2 90.5 117. 5 98. 1 112. 1 
106.7 109.9 99.7 113.2 81. 9 -117. 5 
105. 1 107.8 114. 2 117.5 59.3 96.0 
83.0 106. 7 102. 4 109.4 101.3 116. 9 
92.7 113. 1 103. 5 112. 1 80.8 115. 9 
97.5 106.7 114. 2 119. 6 99.7 106.7 
99. 1 112.2 108. 2 116.0 95.7 113.4 
\,0 
....... 
Table A-18. 
Replication 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Average 
Calcium content of milks used for cottage cheese manufacture. 
Calcium (mg/100 ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Culture Direct acid Culture Direct acid Culture . Direct acid 
119. 8 120.6 128.0 125.4 120.6 92.8 
120.2 94.7 124.3 114. 3 134.3 113.5 
115.4 112. 1 124.3 119.5 98.7 123.2 
113. 5 119. 1 100.2 122.0 129.4 113. 6 
119. 1 119.5 112. 1 124.6 133. 5 114. 6 · 
125.0 120.9 125.7 123.5 139. 1 111. 0 
115.4 120.6 122.8 125.7 128.7 135.4 
109. 5 117.6 117.2 122 .4 146. 1 131. 3 
117. 6 106. 1 126. 1 123.9 132.8 123.5 
117.3 114. 6 120.1 122.4 129.2 117. 7 
(.0 
00 
Table A-19. 
Ree Ii cation 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Average 
Magnesium content of milks used for cottage cheese manufacture. 
Magnesium (mg/100 ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Culture Direct acid Culture Direct acid Culture . Direct acid 
12.7 12.6 13.5 13.2 14. 2 13. 8 
13. 0 12.2 13. 3 12. 1 17.4 14.4 
12 .3 12.2 13. 3 12.9 15.4 15.9 
11. 7 12.2 10.3 12.7 16. 2 14.0 
11. 9 12 .·'1 11. 4 12.7 16.5 13.7 
13. 0 12.2 12.8 13. 2 17. 1 13. 8 
I 
11. 2 12.3 12.9 13.2 16.3 16. 8 
11. 6 12.6 12.5 13. 5 17.5 16.4 
12.6 11. 6 13. 1 13. 0 16.6 15.8 
12.2 12. 2 12.6 12.9 16.4 15.0 
\.0 
u::> 
Table A-20. 
Rep I ication 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Average 
Potassium content of milks used for cottage cheese manufacture. 
Potassium (mg/100 ml) 
Fresh skim milk Fortified sk(m milk Reconstituted NFDM 
Culture Direct acid Culture Direct acid Culture Direct acid 
134. 5 138.4 142.2 141.0 128.9 130.6 
135.3 126. 7 145. 7 131. 5 150.9 124.6 
128.9 130.6 138.4 138. 8 · 140.5 141.8 
124.6 135.3 109.5 136. 6 146. 1 125.9 
130.6 131 .'O 128.9 142. 2 151.7 125. 4 . 
148.3 137. 1 147. 0 147.0 148. 3 125.9 
I 
120.7 134. 5 141.0 145.7 145.7 149.6 
126. 7 140. 1 138.8 142. 2 150.4 146. 1 
134. 5 125.4 137. 9 143. 1 125.0 128.0 
131. 6 133.2 136. 6 140.9 143. 1 133. 1 
0 
0 
Table A-21. Sodium content of milks used for cottage cheese manufacture. 
Sodium (mg/100 ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture ·Direct acid 
1 56.2 58.8 60.7 69.3 57.5 62.0 
2 52.9 68.2 60.2 57.8 61.5 58.0 
3 59.6 68.7 66.0 61. 0 62.0 57.0 
4 54.0 48.9 47. 1 61.0 58.0 49.2 
5 73.5 57.2 67.7 62.6 58.8 .50.8 
6 64.7 63. 1 62.3 63.6 59. 1 50.0 
7 54.6 61.0 58.6 61.2 58.6 59. 1 
8 49.7 55.4 59. 1 61.0 59.4 58.3 
9 58.8 54.3 65.5 67.7 51.9 52.9 
Average 58.2 59.5 60.8 62.8 58.5 55.3 
-0 
Table A-22. Total solids content of cottage cheese curd. a 
Total sol ids of · curd (%) 
Fresh skim milk Fortified skim milk 
Replication Culture Direct acid Culture Direct acid 
1 20. 19 17.43 18.78 19.69 
2 19.32 18.83 18.43 19.64 
3 19.67 19. 63 22. 47 22.41 
4 16.95 17.71 22.79 22.68 
5 18.98 18.40 17. 91 19. 11 
6 21.68 23. 12 24.15 22.36 
7 23. 68 18.94 18.48 20.94 
8 20.78 24.41 23.63 19.60 
9 20. 36 19.20 19.70 20.48 
Average 20. 18 19.74 20.70 20. 77 
aAverages of duplicate analyses. 
Reconstituted NFDM 
Culture ·Direct acid 
17.95 19.90 
19.36 19.24 
18.93 17.71 
18.48 20.49 
17.25 ·18. 33 
21. 13 23.90 
22.65 23.04 
21.48 19.85 
21 . 86 19. 77 
19.89 20.25 
0 ......, 
Table A-23. Fat content of cottage cheese curd. a 
Fat (%) . 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Replication Culture Direct acid Culture Direct acid Culture Direct acid 
1 .92 1. 32 1. 53 1. 32 .46 .49 
2 2.74 3.21 1. 60 2.00 . 21 .40 
3 2.91 3.99 6.06 6.44 .75 .76 
4 1. 35 1. 64 1. 73 1. 73 .04 . 12 
5 .69 1. 118 1. 86 2.06 .57 .71 
6 1. 43 1. 93 1. 80 2.09 .35 .36 
I 
7 1. 62 2.07 1. 56 1. 98 . 61 . 65 
8 1. 51 1. 33 1. 53 1. 79 .34 .38 
9 1. 94 2.54 2.04 2.71 .31 .40 
Average 1.68 2. 13 2. 19 2.46 . 41 . 47 
aAverages of duplicate analyses, adjusted to 20% total curd solids. 
-0 w 
Table A-24. Sol ids-not-fat content of cottage cheese curd. a 
SNF (%) 
Fresh skim milk Fortified skim mi I k Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 19. 08 18.68 18.47 18.68 19.54 19. 51 
2 17.26 16.79 18.40 18.00 19.79 19.60 
3 17.09 16. 01 13.94 13. 56 19.25 19.24 
4 18.65 18.36 18.27 18.27 19.96 19.88 
5 19.31 18.82 18. 14 17.94 19.43 . 19. 29 
6 18.57 18.07 18.20 17. 91 19.65 19.64 
7 18.38 17.93 18.44 18.02 19. 39 19.35 
8 18.49 18.67 18.47 18.21 19.66 19.62 
9 18.06 17.46 17.96 17.29 19.69 19.60 
Average 18.32 17.87 17. 81 17. 54 19.59 19. 53 
aTotal solids minus fat, adjusted to 20% total . curd solids. 
-0 
Table A-25. Tota I protein content __ of cottage cheese curd. a 
Protein · (%) 
Fresh skim milk Fortified skim milk 
Rep I ication Culture Direct acid Culture Direct acid 
1 16.78 16.94 17.23 16.79 
2 15.04 15.08 16.63 16. 42 
3 15.32 14.34 13.05 12.56 
4 16.99 15.80 15.66 17. 01 
5 16. 12 16. 18 16. 77 16. 08 
6 16. 62 15.55 15.46 15.93 
7 15. 91 15.26 16.84 15.88 
8 16.60 16.83 16. 39 15.70 
9 15.51 15. 51 14.49 16. 12 
Average 16. 10 15. 72 15.84 15 . 83 
aTotal nitrogen % multiplied by 6.38, adjusted to 20% total curd solids. 
Reconstituted NFDM 
Culture Direct acid 
16.33 17 . 37 
15.63 17.79 
16.82 17. 91 
17.60 17. 15 
17.26 17.59 
16.95 17 . 82 
17.22 15. 19 
17.03 17. 21 
15.43 16. 11 
16.70 17. 13 
0 
u, 
Table A-26. Casein protein content of cottage cheese curd. a 
Casein protein (%) 
Fresh skim milk Fortified skim milk 
Rep I ication Culture Direct acid Culture Direct acid 
1 15. 72 15.99 16.00 16. 04 
2 14.46 14.38 15. 91 15. 71 
3 14.75 13. 70 12. 52 12.06 
4 16. 34 15.06 15.09 16.46 
5 15.48 15. 41 16. 02 15. 32 
6 16. 17 15.04 1~.06 15. 39 
7 15.49 14. 60 16.32 15. 25 
8 16. 18 · 16. 32 15.98 15. 10 
9 14.83 14.68 13.86 15.35 
Average 15.49 15. 02 15.20 15. 18 
aTotal protein minus whey protein, adjusted_to 20% total curd solids. 
Reconstituted NFDM 
Culture Direct acid 
14.81 16. 10 
14.74 17.07 
16.26 17 .13 
17.04 16.58 
16.78 · 16. 97 
16. 52 17.47 
16. 81 14.71 
16. 55 16. 72 
15. 11 15.52 
16.07 16.48 
0 
°' 
Table A-27. Whey protein content of cottage cheese curd. a 
Whey erotei n (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Replication Culture Direct acid Culture Direct acid Culture Direct acid 
1.06 .95 1. 23 .75 1. 52 1.27 
2 . 58 .70 .72 .71 .89 . 72 
3 .57 .64 . 53 .50 .56 .78 
4 .65 .74 .57 .55 .56 .57 
5 . 64 . 77 .75 .76 .48 . 62 . 
6 .45 . 51 .40 .54 . 43 .35 
7 . 42 . 66 . 52 . 63 . 41 .48 
8 . 42 . 51 .41 .60 .48 .49 
9 . 68 .83 . 63 .77 .32 .59 
Average . 61 .70 .64 .65 . 63 .65 
aNon-casein nitrogen multiplied by . 6.38, adjusted to 20% total curd solids. 
-0 
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Table A-28. Lactose content of cottage cheese curd. a 
Lactose · (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 1. 80 1. 46 . 77 1. 57 2. 63 1. 64 
2 1. 90 1. 52 1.44 1. 35 3.75 1. 36 
3 1. ·47 1.46 .63 .78 2. 12 1. 07 
4 1. 25 2.20 2 .29 . 93 1.79 2.21 
5 2. 61 2.26 .86 1 . 41 1. 67 1. 10 
6 1. 55 2.08 2.37 1. 59 2.30 1. 45 
7 2.09 2.30 1. 16 1. 73 1. 60 3.74 
8 1.70 1. 70 1. 86 2.31 2.27 2.06 
9 2.04 1. 57 3.05 .55 3.90 3. 10 
Average 1. 82 1.84 1. 60 1. 36 2.44 1. 97 
aSolids-not-fat minus the sum of ash and total protein. 
-0 
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Table A-29. Ash content of cottage cheese curd. a 
Ash (%) 
Fresh skim milk Fortified skim milk 
Rep I ication Culture Direct acid Culture Direct acid 
. 50 .28 .47 .32 
2 . 32 . 19 .33 .23 
3 .30 . 21 .26 .22 
4 . 41 .36 .32 .33 
5 . 58 . 3
18 . 51 .45 
6 . 40 . 44 .37 .39 
I 
7 .38 .37 .44 .41 
8 . 19 . 14 .22 .20 
9 . 51 .38 . 42 . 62 
Average . 40 . 31 .37 .35 
aAdjusted to 20% total curd solids. 
Reconstituted NFDM 
Culture Direct acid 
. 58 .50 
.41 .45 
.31 .26 
.57 .52 
.50 .60 
.40 .37 
.57 . 42 
.36 .35 
.36 .39 
.45 . 43 
0 
1..0 
Table A-30. Phosphorus content of cottage cheese curd. a 
Phosphorus (mg/ 100 g) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 188.8 207.4 193. 3 192. 4 193. 9 200. 1 
2 159.7 180. 1 200. 5 184.7 179.4 211. 9 
3 182.7 192. 8 167. 6 176. 5 212. 7 234.0 
4 206. 8 196.0 177.7 182.9 193. 2 202. 9 
5 187.8 201.3 198.0 200.8 193.7 · 214. 0 
6 181.0 192. 1 1q2.5 213. 6 190.3 198.4 
7 193.3 214.7 178.3 209.2 237 .8 209.9 
8 188. 1 203. 5 183.3 212. 1 193. 0 221.7 
9 186.4 192. 3 186.0 213. 9 186. 1 206.6 
Average 186. 1 197 .. 8 183.0 198.5 197.8 211 . 1 
aAdjusted to 20% total curd solids. 
--0 
Table A-31. Calcium content of cottage cheese curd. a 
Calcium (mg/ 100 g) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture · Direct acid 
1 26.3 13. 9 28. 1 15.8 32.0 22. 1 
2 24.8 21. 5 28. 1 22.8 34.9 39.3 
3 24.8 21. 8 22.7 22.7 30. 1 29.5 
4 20. 8 16. 4 14.6 12. 1 26.8 29.8 
5 27.8 22.9 28.7 26.4 35.9 · 33. 6 
6 18.0 13.2 1~.6 14.9 18. 1 17.7 
7 16. 4 16.7 21.6 18.4 23.9 19.9 
8 18.0 25.4 31. 2 19.9 34.8 41.2 
9 30.5 20. 2 24.4 25. 6 20. 1 28.6 
Average 23.0 19. l 23. 9 19.8 28.5 29. 1 
a Adjusted to 20% total curd solids. 
--
Table A-32. Magnesium content of cottage cheese curd. a 
Magnesium (mg/100 g) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture ·Direct acid 
1 9.4 4. 1 5.9 4.5 7. 1 4.7 
2 5. 1 4.4 5.8 4.4 7. 1 6.7 
3 5.3 4.6 4.2 4.2 6.2 5.8 
4 5.3 4.3 3.6 3.0 6.0 5.7 
5 5. 1 4.5 6. 1 5.3 6.6 .6. 4 
6 4.2 4.2 3.6 3.5 4.6 3.8 
7 3.8 4. 1 4.9 3.9 5.5 4.7 
8 3.7 4.7 4.8 4.0 6.0 6.2 
9 7.3 4.3 5.0 5.2 4.3 5.6 
Average 5.5 4.4 4.9 4.2 5.9 5.5 
aAdjusted to 20% total curd solids. 
--,....., 
Table A-33. Potassium content of cottage cheese curd. a 
Potassium (mg/ 100 g) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 15.8 4.0 5.2 2.9 24.2 18 . 0 
2 5.3 4.8 7.2 4.4 7.2 6.3 
3 10. 1 4.9 5.0 16.0 6. 1 5.4 
4 5.2 6.3 3.7 3. 1 8.7 5.5 
·1 
5 10.0 6.0 6.2 5.0 10.2 9.8 
6 5.9 15.2 ~.5 4.0 5.4 4.7 
7 5.8 4.8 6.9 4.9 15.6 6. 1 
8 4.3 3.5 4. 1 4.8 6.4 9.6 
9 8.0 6.0 6.2 4.4 5.0 5.0 
Average 7.8 6.~ 5.4 5.5 9.9 7.8 
a Adjusted to 20% total curd sol ids. 
w 
Table A-34. Sodium content of c:ottage cheese curd. a 
Sodium (mg/100 g) 
Fresh skim milk Fortified skim milk 
Rep I ication Culture Direct acid Culture Direct acid 
20.0 14.0 10.9 9.7 
2 6.0 8.6 7.2 6.6 
3 7.5 6.4 6.3 14.9 
4 11. 4 9.0 11.9 10.3 
s 25.7 13. 7 14.4 14.3 
6 12.S 12. 9 8.9 8.5 
7 11. 4 15.2 10.9 10.4 
8 4.2 5.8 7.3 7.3 
9 12.7 13. 7 12.7 20.8 
Average 12.4 11. o. 10. 1 11. 4 
aAdjusted to 20% total curd solids. 
Reconstituted NFDM 
Culture Direct acid 
28.7 25.~ 
7.2 6.0 
6.6 7. 1 
7.5 7. 1 
11. 8 . 16. 8 
8.6 9. 1 
16.6 10. 2 
6.9 8.2 
10. 0 9.9 
11. 5 11 . 1 
..... ..... 
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Table A-35. Tota I sol ids content of cottage cheese wheys. a 
Total sol ids (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Replication Culture Direct acid Culture Direct acid Culture Direct acid 
1 6.48 6.74 6.49 7.40 4.91 7. 23 
2 5.86 6.87 6.09 7.37 6.31 7.45 
3 6.53 5.67 6.99 6.73 6.55 7.20 
4 5.83 6.95 6.45 6.93 3.96 7.09 
5 4.71 6.46 6. 10 7.31 7.69 6.43 
6 6. 34 6.90 16. 31 7.53 6.40 7.40 . 
7 6.47 6.89 6.73 7. 11 6.76 7.06 
8 4.49 5. 18 6.67 6.79 5.71 7.43 
9 6.58 6.37 6.58 5.90 6. 29 6.07 
Average 5.92 6.4~ 6.49 7.00 6.06 7.04 
a Averages of dup Ii cate analyses. 
--U1 
Table A-36. Fat content of cottage cheese wheys. 
Fat (%l 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 .08 .04 .06 .04 . 02 . 03 
2 . 14 .05 .05 .05 .07 .05 
3 .24 .08 .22 . 11 .05 .05 
4 . 12 . 03 .07 . 03 . 02 . 03 
'I 
5 . 11 .03 .13 .05 .04 . 03 
6 . 17 .05 .,10 .05 .03 .04 
7 . 15 .04 . 12 .05 .05 . 03 
8 . 16 .05 . 10 .06 .06 .06 
9 . 17 .05 . 14 .04 .06 .06 
Average . 15 .05 . 11 .05 .04 .04 
en 
Table A-37. Sol ids-not-fat cont_ent of cottage cheese wheys. a 
SNF (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 6.40 6.70 6.43 7.36 4.89 7. 2_0 
2 5. 72 6.82 6.04 7.32 6.24 7.40 
3 6. 29 5.59 6. 77 6.62 6.50 7.15 
4 5.71 6.92 6. 38 6.90 3.94 7.06 
·, 
5 4.60 6. 43 5.97 7. 26 7.65 6.40 
6 6. 17 6.85 6~ 26 7.48 6.37 7 . 36 
7 6.32 6.85 6.61 7.06 6.71 7.03 
8 4.33 5. 13 6.57 6.73 5.65 7.37 
9 6.41 6.32 6.44 5.86 6. 23 6.01 
Average 5. 77 6.40 . 6.38 6.95 6.02 7.00 
aTotal solids minus fat. 
-......, 
Table A-38. Total proteinson~t~rlLQf ~cQttage cheese wheys. 
a 
Total erotein (%) 
Fresh skim milk Fortified skim milk Reconst_ituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
. 77 . 72 .83 .80 . 58 .72 . 
2 .76 .73 .78 .78 .75 .73 
3 .78 .78 .83 .83 .79 . 74 
4 . 78 .71 .79 .74 . 73 . 73 
5 .84 .76 .88 .87 .84 .66 
6 .79 .76 .86 .81 .84 .78 
7 . 82 . 72 .84 .78 .74 .78 
8 .84 . 77 .86 .82 .79 .74 
9 .82 .74 .83 .80 .79 . 63 
Average .80 .74 .83 .8.0 .76 .72 
aTotal nitrogen % multiplied by 6.38. 
--CX) 
Table A-39. Casein protein conte_f"!t__Qf _ c:ott~ge cheese wheys. a 
Casein (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
. 03 . 01 . 03 .00 . 02 .07 
2 . 03 .03 .00 .04 . 00 .00 
3 .07 .06 .04 . 08 . 10 .06 
4 .09 .04 . 11 . 02 . 01 .03 
·, 
5 .06 . 03 . 05 .05 . 13 .00 
6 .08 .03 .p6 .03 .04 .07 
7 . 16 .00 . 07 .02 .05 .09 
8 . 15 . 02 .05 . 03 . 02 .03 
9 .09 .00 . 03 .00 . 12 .00 
Average .08 . 02 . .05 .03 .05 .04 
aTota I protein minus whey protein. 
--I.O 
Table A-40. Whey protein content of ~cottage cheese wheys. 
a 
Whey protein (%) 
Fresh skim milk Fortified skim milk 
Rep I ication Culture Direct acid Culture Direct acid 
1 .74 .71 .80 .80 
2 .73 .70 .78 .74 
3 .71 . 72 .79 .75 
4 .69 .67 . 68 . 72 
5 .78 . 73 .83 .82 
6 .71 .73 .80 .78 
7 .66 .72 . 77 .76 
8 .69 .75 . 81 .79 
9 .73 .74 .80 .80 
Average .72 . 72 .78 .77 
aNon-casein nitrogen % multiplied by 6. 38. 
Reconstituted NFDM 
Culture Direct acid 
.56 .65 
.75 .73 
.69 .68 
.72 .70 
.71 .66 
.80 .71 
.69 .69 
.77 . 71 
.67 .63 
.71 .68 
-"" 0 
Table A-41. Lactose content of cottage cheese wheys. a 
Lactose (%} 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 4.90 5.22 4.88 5.66 3.58 5.60 
2 4.34 5.26 4.57 5.67 4. 86 5·_ 87 
3 4.81 4. 16 5. 20 4.98 5.00 5.54 
4 4.31 5.34 4.89 5. 34 2.77 5.48 
5 3.25 4. 89 4.44 5. 51 5.95 4.94 
6 4.71 5. 30 4.70 5.94 4.81 5.72 
7 4.78 5.29 4.9~ 5.42 5. 18 5.38 
8 2.98 3.75 4.99 5. 12 4.21 5.75 
9 4.92 4.82 4.93 4. 35 4.73 4.63 
Average 4.33 4.89 4.84 5.33 4.57 5.44 
aSol ids-not-fat minus the sum of ash and total protein. 
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Table A-42. Ash content of cottage cheese wheys. 
Ash (%) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
.73 .76 .72 .90 .73 .88 
2 . 62 .83 .69 .87 . 63 .80 
3 .70 .65 .74 .81 .71 .87 
4 . 62 .87 .70 .82 . 44 .85 
5 . 51 .78 .65 .88 .86 .80 
6 .67 .79 ,165 .73 . 72 .86 
7 .72 .84 . 81 .86 .79 .87 
8 . 51 . 61 .72 .79 .65 .88 
9 .67 .76 . 68 .71 . 71 .75 
Average .64 . 77 . .71 .82 .69 .84 
-N 
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Table A-43. Phosphorus content of cottage cheese wheys. 
Phosphorus (mg/100 ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 90.0 194.5 95.9 237. 1 83.5 231. 7 
2 74.4 226.3 80.8 209. 1 85. 1 205.8 
3 84. 1 163. 8 88.9 215.5 86.2 226.3 
4 76.5 217. 7 88.9 205.8 52.8 199.4 
5 62. 5 196. 1 85. 1 213.4 95.9 195.0 
6 88.9 206. 9 .. 871, 3 231. 7 69.4 194.0 
7 86.8 196. 1 78. 1 196. 1 90.5 199.4 
8 65.7 116.4 85. 1 220.9 75.4 227.4 
9 85. 1 159.5 86.2 177. 8 86. 2 167.0 
Average 79.3 186. 4. 86.3 211.9 80.6 205. 1 
-t-..J 
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Table A-44. Calcium content of cottage cheese wheys. 
Calcium (mg/ 100 ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 99.3 82.4 100.6 90.2 98.9 89.0 
2 88.2 83.6 94.8 87.3 111 . 6 103.8 
3 97.7 70.8 103. 5 82.0 109.3 88.6 
4 100.2 97.5 100. 1 96.7 72.3 99.5 
5 81. 8 93. 6 108. 1 101.8 132.9 96.7 
6 110. 1 97.9 109 . 7 102.6 116. 0 105.4 
7 112.8 98.7 101.0 98 . 7 123.8 102.6 
8 85.3 75.9 114. 4 92.0 103 . 4 103. 8 
9 112.4 89.6 113. 6 122.6 112.8 94.0 
Average 98.6 87 . 8 105. 1 97. 1 109 . 0 98. 1 
-r-.J 
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Table A-45. Magnesium content of cottage cheese wheys. 
Magnesium (mg/100 ·ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 11.7 11. 0 11. 8 12.3 14.7 15. 1 
2 10.4 11. 4 11. 1 12.3 15.2 16.0 
3 11. 5 9.2 12.5 11. 3 16.9 15.4 
4 10.5 11. 8 11. 5 11. 3 9. 1 14.6 . 
5 8.5 10.8 11. 2 12.0 17.7 13.8 
6 11.7 11.3 11. 6 12.5 15. 1 15.3 
7 11.8 11. 5 10.9 11. 8 16.0 15. 1 
8 9. 1 8.7 12.5 10.9 13. 3 15.3 
9 12. 1 10.5 12.2 15.9 15. 1 13. 8 
Average 10. 8 10. 7 . 11. 7 12.3 14.8 14.9 
-t-.J 
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Table A-46. Potassium content of cottage cheese wheys. 
Potassium (mg/ 100 ml) 
Fresh skim milk Fortified skim milk Reconstituted NFDM 
Rep I ication Culture Direct acid Culture Direct acid Culture Direct acid 
1 110.6 103. 1 112.5 116. 9 112. 5 115.6 
2 101.9 113. 1 110. 0 123.8 126.3 136. 0 
3 185.6 84.4 123. 1 106.9 123. 1 120.0 
4 106.7 118.0 117. 5 118.6 72.7 123.7 
5 85. 1 106.2 111. 9 123.7 148.5 112.9 
6 118.6 117.0 1n.2 130.9 122.2 124.7 
7 121. 3 117.6 110.6 128.2 135.6 128.2 
8 94.2 89.9 128.2 113. 3 113. 8 130.9 
9 127. 1 107.5 125.0 101. 1 122.3 107.5 
Average 116. 8 106.3 117.9 118.2 119. 7 122.2 
-"" °' 
Table A-47. Sodium content of cottage cheese wheys. 
Sodium (mg/100 ml) 
Fresh skim milk Fortified skim milk 
Reel ication Culture Direct acid Culture Direct acid 
1 56.7 53.7 57.7 59.3 
2 48.4 52.4 54.8 59.8 
3 58.5 77.9 63.0 57. 1 
4 50.8 55.6 55.0 55.0 
5 42.2 51. 1 53.6 59.7 
6 59.7 58.9 5~.3 59.4 
7 56.7 55.0 48. 1 54.2 
8 42.5 37.2 59.4 51.9 
9 58. 1 50.3 61.7 49.7 
Average 52 . 6 54. 7 . 56.5 56.2 
Reconstituted NFDM 
Culture Direct acid 
53.7 56. 1 
50.6 54. 4 
57.2 56.6 
39.2 51.4 
62.2 48. 6 · 
51.4 52.8 
55.8 52.8 
46.9 54.2 
51. 4 45.8 
52. 0 52. 5 
-"' ....... 
Table A-48. Analysis of variance of treatment effects on the composition of three types of milk 
used for cottage cheese manufacture utilizing culture and direct acidifkatio~~rocesses. 
Source of Degrees Total 
variance of freedom solids Fat 
Process (P) 1 .04045 .00054 
Milk type (M) 2 2.8976** .41557** 
Rep I ication (R} 8 .57306 
p X M 2 .03909 
p X R 8 .09502 
M X R 16 .42715 
Remainder 16 .09582 
*Significant (P ( . 05). 
**Highly significant (P ( . 01). 
.30095 
.00081 
. 01641 
.04887 
.00742 
Mean squares 
Total Casein Whey. 
SNF erotein protein __ ~rotein 
.01467 .00296 .06067* .09045** 
1. 1864** .24014** .20837** .01865* 
.07040 . 02460 . 02976 .01010 
.01255 .00496 .00896 . 00395 
. 04071 . 01133 .00554 .00433 
. 13001 .02280 .01740 .00377 
.03593 .00502 .00594 .00122 
Lactose 
.01156 · 
.24785 
.06050 
.00797 
.05104 
.08991 
.02787 
Ash 
.00463 
.01761** 
.00492 
. 00110 
.00258 
.00174 
.00271 
-......, 
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Table A-49. Analysis of variance of treatment effects on the mineral composition of three types of 
milk used for cottage cheese manufacture utilizing culture and direct acidification processes. 
Source of Degrees 
variance of freedom 
Process (P) 1 
Milk type (M) 2 
Rep I ication (R) 8 
P x M 2 
P x R 8 
.M x R 16 
Remainder 16 
*Significant (P( . 05). 
**Highly significant (P( . 01). 
Phos_Qhorus 
2237.5** 
295.72 
182.52 
110,01 I 
79.059 
129.23 
64.652 
Calcium 
216.00 
268.73 
80 . 354 
222.37 
106.73 
I 
101.87 
70.778 
Mean sguares 
Magnesium 
1.5674 
61.447** 
.88375 
3.9474** 
.83616 
. 79813 
.56178 
Potassium 
23.867 
219.03 
95.657 
258.92* 
94.892 
70. 155 
53.092 
Sodium 
.00019 
109.68* 
47.901 
36.911 
29 . 637 
25.596 
22.339 
-N 
Table A-SO. Analysis of variance of treatment effects on the composition of cottage cheese curd 
manufactured from three types of milk LJtl!izifl~_lli.J~ anQ__di rec::t acidlfication processes. 
·Source of Degrees Total 
variance of freedom solids 
Process (P) 1 .00163 
Milk type (M) 2 6. 3234 
Rep I ication (R) 8 23.663 
PxM 2 1. 4198 
p X R 8 1. 3202 
M X R 16 7.2186 
Remainder 16 5.5967 
*Significant (P ( . OS) . 
**Highly significant (P ( . 01). 
Fat 
1. 8776** 
35.245** 
6.9616 
.33845** 
. 07602 
2 . 4910 
.04994 
Mean squares 
Total Casein Whey . 
SNF protein protein protein Lactose 
.94406** .00359 .00831 . 02282 .75142 · 
17.638** 6. 5122* 6.6127* .00106 2.3882* 
3.4807 2.3304 2.1186 . 24443 .59492 
. 16727** .73537 .86547 .00961 . 27 411 
.03805 . 49108 . 57269 .02736 .60258 
1. 2446 1.2201 1. 2034 . 02881 .38913 
.02470 .40290 .39907 .00592 .44003 
Ash 
. 02711 
.04179* 
. 04808 
.00796 
. 00407 
.00741 
.00352 
-w 
0 
Table A-51. Analysis of variance of treatment effects on the mineral composition of cottage cheese 
curd manufactured from three types of milk using ~ult~re and direct acidification processes. 
Source of Degrees 
variance of freedom 
Process (P) 1 
Milk type (M) 2 
Rep I ication (R) 8 
p X M 2 
p X R 8 
M X R 16 
Remainder 16 
*Significant (P< .05). 
**Highly significant (P(. 01). 
Phosphorus 
2452.3** 
1033. 9* 
227.81 
1 5. 552 
83.640 
212.13 
168.50 
Mean squares 
Calcium _ Magnesium Potassium Sodium --~ - -
82.387 7.1869* 19.923 . 31-130 
324.49** 6. 4872** 51.335 4. 2467 
124.99 2. 3771 23.559 97.608 
31. 144 . 55241 5.6169 8.6274 · 
19.332 1.2248 12. 933 7.2146 
21. 530 . 91139 22.852 26. 861 
12.329 . 63032 9.4271 8.9901 
-w -
Table A-52. Analysis of variance of treatment effects on the compositi.on of cottage cheese whey 
manufactured from three types of milk utilizi129 culture_ar:-id __ c!_ir~ct acidificatiof"l_ processes. 
Source of Degrees Total 
variance of freedom solids 
Process (P) 1 12.288* 
Milk type (M) 2 2.9428 
Rep I ication (R) 8 .88537 
p X M 2 . 61361 
p X R 8 1 . 2212 
M X R 16 . 93029 
Remainder 16 .80212 
*Significant (P( . OS). 
**Highly significant (P(. 01). 
Mean squares 
Total Casein Whey 
Fat SNF protein protein protein Lactose 
.03894** 7. 1359** .02323** .01338* .00135 5.5296** 
. 01408** 1 . 6212 . 02651 ** . 00101 .03365** 1. 1442 
.00326 .43850 . 00441 .00168 .00273 . 35410 
.01128** .21552 .00085 . 00276 .00074 . 18182 
.00070 . 57532 .00186 .00146 .00061 .45273 
. 00072 .46609 .00134 .00068 .00271 .37910 
. 00029 .39948 .00180 .00160 .00087 .30079 
Ash 
.22298** 
. 02351 * 
.00840 
.00135 
.00632 
.00613 
.00494 
-w 
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Table A-53. Analysis of variance of treatment effects on the mineral composition of cottage cheese 
whey manufactured from three types of milk utilizing culture and dire-ct acidification processes. 
Mean squares 
Source of Degrees 
variance of freedom Phosphorus Cals:ium ___ Magnesium Potassium Sodium 
Proc:ess (P) 1 191460.** 1323.1** .50074 89. 192 7.6313 
Milk type (M) 2 1208.3 527.35 80.167** 414.01 77.992 
Rep I ication (R) 8 421. 01 246.53 2.2037 181.92 81. 477 
p X M 2 491.93 12.327 .52463 216.64 6.3785. 
p X R 8 406.47 90.834 1. 5928 474.04 26.581 
M X R 16 401.75 120.93 2.0837 210.82 41.613 
Remainder 16 292.75 89. 163 2.0273 285.34 2 9. 182 
**Highly significant (P( . 01). 
-w w 
Table A-54. Analysis of variance of treatment effects on yield lost as curd fines in whey and a 
wash waters. 
Mean squares 
Source of Degrees 
variance of freedom Total Whet First wash Second wash Third wash 
Process (P) 1 2.4645** 1. 3802** .35625* .09180** .02319*· 
Milk type (M) 2 .29151 .48052 . 02354 .00932 .00086 
Rep I ication (R) 8 4.2103 2.5781 1 . 1017 .05499 .00973 
p X M 2 . 19019 .27846 .01985 .00040 .00100 
p X R 8 .07742 .08585 .03262 .00412 .00210 
' M X R 16 .70435 .41211 . 23679 .01937 . 00202 
Remainder 15 . 162 62 . 16363 .05978 .00759 .00138 
aKg 20% solids curd/100 kg milk. 
*Significant (P( . 05). 
**Highly significant (P ( . 01). 
w 
+:; 
Table A-55. Analysis of variance of treatment effects on cottage cheese yields derived . from the . 
manufacture of three types of milk utilizing culture and direct acidification processes. 
Source of Degrees 
variance of freedom 
Process (P) 1 
Milk type (M) 2 
Replication (R) 8 
p X M 2 
p X R 8 
-M X R 16 
Remainder 16 
Pdoled P x R and 
Remainderb 24 
a20% sol ids. 
b -
See materials and methods. 
*Significant (P( . OS). 
Mean squares 
Kg curd a Kg curd a Recovery of 
per 100 kg milk per kg milk solids •milk solids (%) 
5.3645 .04800 19. 777 
11 . 190* .04735 19.228 
7.4604 .06799 27.208 
1. 1395 .01742 7. 157 5 
.89558 .01156 4.6099 
2.5679 . 02013 8. 1454 
1. 4415 .01810 7. 1654 
1. 2 595 
-w 
U1 
Table A-56. Analysis of variance of treatment effects on the distribution of components contributing 
to cottage cheese yields derived from the manufacture of three types of milk utilizing culture and 
direct acidification erocesses. a · 
Mean squares 
·Source of Degrees Total Total Casein Whey 
variance of freedom solids Fat SNF protein protein protein Lactose Ash -
Pro.cess (P) 1 .04800 .01098** .01370 .03178 . 02492 .00042 .00267 .000091 
Milk type (M) 2 . 04735 . 14012** .02646 .00162 .00209 .00003 .01312* .000156 
Rep I ication (R) 8 .06799 . 02838 .08954 .06467 .06947 .00136 .00563 . 000362 
p X M 2 . 01742 .00185* . 02634 .02750 .02712 .00009 .00130 .000096* 
p X R 8 .01156 .00092 .00824 . 01106 .01057 .00021 .00413 . 000045 
M X R 16 . 02013 .01069 .02029 .01371 . 01341 .00018 . 00347 . 000064 
Remainder 16 .01810 .00033 .01678 .01246 . 01262 .00007 .00371 .000025 
aYield as kg 20% solids curd per kg milk solids; each component is calculated as 20% solids (80% 
moisture). 
*Significant (P( . 05). 
**Highly significant (P( . 01). 
w 
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